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(*) a fuel cell is an electrochemical energy conversion device. A fuel cell converts the 
chemicals hydrogen and oxygen into water, and in the process it produces electricity. .48 
The proton exchange membrane fuel cell (PEMFC) is one of the most promising 
technologies. This is the type of fuel cell that will end up powering cars, buses and 
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1. OBJECTIVES 


Can explain, by an understanding of the fundamentals, the basic operating and 
maintenance principles of the different batteries found on an industrial site. It includes the 
indispensable battery complement: the DC Power Supply Systems, and the basic 
understanding of UPS, converter part DC to AC. 
The student will be able to: 

» Explain the fundamental principle of a battery 

» Distinguish the different types of batteries 

» Describe the application of different types of batteries e.g. lead acid, Ni-Cad etc. 

» Explain the choice of a type of battery for a specific use 

» Test batteries safely 

Explain why there are different charging rates 

» Explain the different types of charging — equalizing, trickle, rapid 


& Differentiate the maintenance schedule of each type of battery 


» Explain the hazard associated with storage, handling and charging of batteries 


Training Course : EXP-PR-EQ160-EN 
Last Revision: 10/07/2007 Page 9 of 184 


Exploration & Production 


@) Equipment 
Batteries 


TOTAL 


2. GENERALITIES 


2.1. WHAT IS A BATTERY? 


Immediately we think of this battery or these batteries (“pile” in French) 


Battery type ‘A’ Batteries type ‘B’ 
Figure 1: Different types of batteries 


These also exist with other forms and dimensions of course. 


And what else, | would say.....? 


‘B’ are the batteries, | use in my day to day 
‘A’ is the battery, | use in my car applications 


Figure 2: Different uses of batteries 


And | am maybe (and most probably) right, but maybe wrong! 


‘A’ and ‘B’ are of different made, different principles, different categories, different voltages 
and using a non adapted battery could result in serious damages to my “application”. 
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2.1.1. What have all the batteries in common? 


» 


» 


» 


Storage of energy 
Producing DC current under DC voltage 


The same basic principle: the “+” (anode) and the “-“(cathode) 


» An electrolyte inside 


» 


» 


Care when disposing of (environmental precautions) 


Can be in series or parallel 


2.1.2. What differentiate batteries? 


» 


» 


» 


» 


Dimension and volume 
Form 


Capacity of energy storage: so many Ah under a certain voltage (rated current & 
peak current) 


The materiel of anode and cathode 

The material of the casing 

The type of electrolyte 

Rechargeable or non rechargeable 

With Maintenance or “without maintenance” for ‘A’ type 


No maintenance for ‘B’ type 


We are going to see the combinations of the different factors for having batteries to be 
used on site in our main applications for the ‘A’ type 


aos Aut 8 UPS cubicles with 


batteries integrated (or 


iv =, % 7 " 
==> apart) 


tei! — ; 
aoe Bes Number, dimensions of 
ote = batteries as per power 
~ ee | 
i =a 2 requirement 


Figure 3: UPS cubicles 
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Battery charger + battery 
bank 


Distribution of DC voltage 
/ current in unit 


Set of batteries to start Diesel Engine for 
generator (EDG), Fire Pump, ...etc. and 
your vehicle (on site), one 12V battery being 
sufficient... 


Figure 5: Set of batteries 


If something like that happens in one battery 
bank, it means « something » was missed in 
the survey and/or the maintenance of 

« your » batteries 


It already occurred on sites, reason of 
happening Is (nearly) always said to be the 
“low quality of manufacturing”, but it is a too 
easy excuse (even if it is not totally wrong). 
The ‘real’ reason is rather the “poor quality” 
of the operator/technician who has to survey 
the parameter in control or electrical room 
and/or some inertia, lack of knowledge in 
the maintenance..... Figure 6: Battery problem 


2.1.3. What do we do? 


Consequently we shall detail mainly the ‘A’ type battery which needs care and 
maintenance. For ‘B’ batteries, we are going to see only the different types and principles. 


In fact, the characteristics of manufacturing are defined within a cell. A cell alone can be a 
battery (pile in French) and a battery, in general, is an association of cells to have the 
desired voltage and capacity in Ah. To study the characteristics and technology of a cell, 
we need to know how the current can be generated, subject of following paragraph 
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2.2. ORIGIN AND HISTORY OF BATTERIES 


But prior to go to “serious” explanations, let us see some ‘story’ or history. 


There are some clues that batteries may have been used in the ancient world, particularly 
in Baghdad around two thousand years ago. There have also been some finds in Egypt 
dating back to the ancient period, but none of these have been categorically proven to be 
batteries. 


The first documented battery of the modern era is attributed to the American Benjamin 
Franklin in the middle of the 18" Century. He made capacitor out of charged glass plates 
that was able to produce powerful electric shocks hence the word “Battery” as in “Assault 
and Battery “came into general use. 


Some 50 years later at the very beginning of the 19" Century the Italian Alessandro Volta 
made the first chemical battery using copper and zinc discs in brine. This discovery 
sparked off all sorts of new scientific advances across Europe during the early 19" century 
as it was now possible to produce electricity reliably. 


Volta was followed by William Cruickshank who created the first battery in 1802. He 
aligned several squared sheets of copper, soldered them together at one end with a 

connector, intercalated sheets of zinc of same dimensions and immersed the all in an 
diluted acid (or salted) aqueous solution and in a wooden waterproof rectangular box. 


He created the first battery (non rechargeable). 


The next major advance came when the Frenchman Georges Leclanché produced an 
entirely new form of cell using carbon / zinc. This proved to be the basic technology behind 
non rechargeable or Primary batteries still in use today. 


Another Frenchman, Raymond Gaston Planté made the first rechargeable battery or 
Secondary Battery using lead plates in a mild solution of sulphuric acid in the 1860’s. This 
invention has continued in use for nearly 150 years has gone on to be the type of battery 
still used in cars today. 


In the last 120 years the pace of new inventions hoted up. All the various types of battery 
we now use were developed during this period. It is an intriguing thought that the 
technology needed to develop these new types of cells depended on the advances in 
chemistry and physics which had happened after Volta’s cell of 1800. 


This allowed for the discovery of the new metals and materials necessary for the designs 
of these new 
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The Milestones are: 


1600 
1791 
1800 
1802 
1820 
1833 
1836 
1859 
1868 
1881 
1888 
1897 
1899 
1900 
1905 
1942 
1947 
1959 
1960 
70 
1990 
1992 
1999 
2002 


Gilbert (England) 
Galvani (Italy) 
Volta (Italy) 


Cruickshank (England) 


Ampére (France) 
Faraday (England) 
Daniell (England) 
Planté (France) 
Leclanché (France) 
Emile Faure (France) 
Gassner (USA) 
Tesla (Serbia / USA) 
Jungner (Sweden) 
Edison (USA) 
Edison (USA) 
Ruben & Mallory 
Neumann (France) 


Urry (USA) 


Kordesh (Canada) 


First studies on electrochemistry 

The so called “animal electricity” 

Discovery of the “voltaic battery” 

First production in series of an electrical battery 
Magnetism produces electricity 
Announcement of the Faraday Law 
Discovery of “Daniell battery” 

Battery lead / Lead - Acid 

Battery “Leclanché” 

Lead oxide battery 

The dry cell 

Oxygen Hydrogen 

The Nickel Cadmium battery 

The nickel storage 

The nickel Iron battery 

The Mercury cell 

First practical Nickel Cadmium cells 

Patents for primary alkaline battery 
Development of Lithium battery 
Development of VRLA Vale Regulated Lead Acid battery 
First Ni-MH battery on sale 

Sale of the first alkaline battery rechargeable 
First Li-ion battery 


First limited production of ‘pile a combustible’ 


Table 1: Some battery milestones 
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2.3. CHEMISTRY OF A CELL 


A battery consists of one or more electro-chemical cells. Although the terms battery and 
cell are often used interchangeably cells are the building blocks of which batteries are 
constructed. Batteries consist of one or more cells that are electrically connected. 

Term ‘battery’ has not disappeared but the real denomination of this source of energy is 
‘cell’ or battery cell. 


The production of energy within a cell is based on a chemical reaction; we just need to see 
a minimum of chemistry to explain what is going on inside this cell. 


2.3.1. Cells 


A cell normally consists of the four principal components shown under. 


External Load 


The plate with the more positive 
_ potential is known as the positive plate 


_. Porous Separator 


_- Electrolyte 


-ve +ve 


Figure 7: Composition of a battery cell 


These are: 


» A positive electrode or cathode (the oxidising electrode) that receives electrons 
from the external circuit when the cell is discharged, and is reduced during the 
electrochemical (discharge) reaction. It is usually a metallic oxide or a sulphide 
but oxygen is also used. The cathodic process is the reduction of the oxide to 
leave the metal. (GER: Gain Electrons - Reduction). Remember the mnemonic of 
the lion growling. 


» A negative electrode or anode (the reducing or fuel electrode) that donates 
electrons to the external circuit as the cell discharges and is oxidised during the 
electrochemical (discharge) reaction. It is generally a metal or an alloy but 
hydrogen is also used. The anodic process is the oxidation of the metal to form 
metal ions. (LEO: Lose Electrons - Oxidation) 
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» Electrolyte (the ionic conductor) which provides the medium for transfer of 
charge as ions inside the cell between the anode and cathode. The electrolyte is 
typically a solvent containing dissolved chemicals providing ionic conductivity. It 
should be a non-conductor of electrons (or ions) to avoid self discharge of the cell. 


» A separator which electrically isolates the positive and negative electrodes. 


In some designs, physical distance between the electrodes provides the electrical isolation 
and the separator is not needed. 


In addition to the critical elements listed above, cells intended for commercial batteries 
normally require a variety of packaging and current collection apparatus to be complete. 


All Metals have natural ‘voltage’, and different metals immersed in an electrolyte have 
different electromotive force potentials, as the examples in the following table show: 


Magnesium Mg: -2.37 Lead Pb: -0.13 
Aluminium Al: -1.66 Hydrogen H: 0 
Zinc Zn: -0.76 Copper Cu : +0.34 to +0.52 
lron Fe: -0.44 Mercury Hg: + 0.80 
Cadmium Cd: -0.40 Silver Ag: + 0.80 
Nickel Ni: - 0.23 Gold Au: +1.58 to +1.68 


Table 2: "Natural voltage” of metals 


Association of these different metals under the form of rod, plate (alone or several in 
series) will decide the value of the “emf” or voltage of the cell. 


2.3.2. How a Cell Works 


When a battery or cell is inserted into a circuit, it completes a loop which allows charge to 
flow uniformly around the circuit. 


In the external part of the circuit, the charge flow is electrons resulting in electrical current. 


Within the cell, the charge flows in the form of ions that are transported from one electrode 
to the other. 
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The positive electrode receives electrons from the external circuit on discharge. These 
electrons then react with the active materials of the positive electrode in “reduction” 
reactions that continue the flow of charge through the electrolyte to the negative electrode. 


At the negative electrode, “oxidation” reactions between the active materials of the 
negative electrode and the charge flowing through the electrolyte results in surplus 
electrons that can be donated to the external circuit. 


It is important to remember that the system is closed. For every electron generated in an 
oxidation reaction at the negative electrode, there is an electron consumed in a reduction 
reaction at the positive. 


As the process continues, the active materials become depleted and the reactions slow 
down until the battery is no longer capable of supplying electrons. At this point the battery 
is discharged 


Negative Pouitive » Electrons 1 


Electrodes electrode electrode 


7 _ a 


Negative lon Positive ion 
(a) (b) (¢) 
Figure 8: Process in a battery cell 


A voltaic chemical cell is a combination of materials used to convert chemical energy into 
electric energy. The chemical cell consists of two electrodes made of different kinds of 
metals or metallic compounds, and an electrolyte, which is a solution capable of 
conducting an electric current (Fig. above). A battery is formed when two or more cells are 
connected 


An excellent example of a pair of electrodes is zinc and copper. Zinc contains an 
abundance of negatively charged atoms, while copper has an abundance of positively 
charged atoms. When plates of these metals are immersed in an electrolyte, chemical 
action between the two begins. The zinc electrode accumulates a much larger negative 
charge since it gradually dissolves into the electrolyte. 
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Zinc anode Copper cathode 


Figure 9: Voltaic chemical cell 


The atoms which leave the zinc electrode are positively charged. They are attracted by the 
negatively charged ions (-) of the electrolyte, while they repel the positively charged ions 
(+) of the electrolyte toward the copper electrode. This causes electrons to be removed 
from the copper, leaving it with an excess of positive charge. 


If aload such as a light bulb is connected across the terminals on the electrodes, the 
forces of attraction and repulsion will cause free electrons in the negative zinc electrode, 
connecting wires, and light bulb filament to move toward the positively charged copper 
electrode. 


The potential difference that results permits the cell to function as a source of applied 
voltage. 


—> Question: which potential is —> 
(theoretically) higher? 
OV1 O v2 
On which schematic is a cell? — 
1 R OLeft URight OBoth — R 
r1 On which schematic can be a — 
battery? r2 


OU Left U Right UO Both 


So, batteries are devices for converting chemical energy into electrical energy 
whose voltage is function of the metals used in electrodes. 
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Inside the battery itself, a chemical reaction produces the electrons. 
The speed of electron production by this chemical reaction (the battery's internal 
resistance) controls how many electrons can flow between the terminals. 


When the Electrons flow from the battery into a cable, they must travel from the negative 
to the positive terminal for the chemical reaction to take place. 


That is why a battery can sit on a shelf for a year and still have plenty of power unless 
electrons are flowing from the negative to the positive terminal, the chemical reaction does 
not take place. 


Once you connect a battery to a load, the reaction starts. 


2.3.3. The Discharge Process 


When the battery is fully charged there is a surplus of electrons on the anode giving it a 
negative charge and a deficit on the cathode giving it a positive charge resulting in a 
potential difference across the cell. 


When the circuit is completed the surplus electrons flow in the external circuit from 

The negatively charged anode which loses all its charge to the positively charged 

Cathode which accepts it, neutralising its positive charge. This action reduces the potential 
difference across the cell to zero. The circuit is completed or balanced by the flow of 
positive ions in the electrolyte from the anode to the cathode. 


Since the electrons are negatively charged the electrical current they represent 
flows in the opposite direction, from the cathode (positive terminal) to the anode 
(negative terminal). 


2.3.4. Recharging or not recharging 


The world of batteries divides into two major classes: 


» Primary Cells (or batteries) 
In primary cells this electrochemical reaction is not reversible. During discharging 
the chemical compounds are permanently changed and electrical energy is 
released until the original compounds are completely exhausted. Thus the cells 
can be used only once. 


» Secondary Cells (or batteries). 
In secondary cells this electrochemical reaction is reversible and the original 
chemical compounds can be reconstituted by the application of an electrical 
potential between the electrodes injecting energy into the cell. Such cells can be 
discharged and recharged many times. 
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Primary batteries (or cells) such as the 
common torch battery are used once and 
replaced. The chemical reactions that 
supply current in them are irreversible, they 
cannot be recharged 


Figure 10: Primary batteries 


Secondary batteries (or cells) can be 
recharged and discharged many times. 
They use reversible chemical reactions. By 
reversing the flow of electricity i.e. putting 
current in rather than taking it out, the 
chemical reactions are reversed to restore 
active material that had been depleted. 


Figure 11: Secondary batteries 


Secondary batteries are also known as rechargeable batteries, storage batteries or 
Accumulators. (Accumulator = rechargeable battery) 


In Chapter 3, we see the different types of batteries diversifying the primary and the 
secondary ones. 


2.3.5. Choice of Active Chemicals 


The voltage and current generated by a galvanic cell is directly related to the types of 
materials used in the electrodes and electrolyte. 


The propensity of an individual metal or metal compound to gain or lose electrons in 
relation to another material is known as its electrode potential. Thus the strengths of 
oxidizing and reducing agents are indicated by their standard electrode potentials. 


Compounds with a positive electrode potential are used for anodes and those with a 
negative electrode potential for cathodes. 


The larger the difference between the electrode potentials of the anode and cathode, the 
greater the EMF of the cell and the greater the amount of energy that can be produced by 
the cell. 
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Note: larger EMF is one reason for greater energy, other parameters are involved as well 
in the battery capacity 


Electrochemical Series is a list or table of metallic elements or ions arranged according 
to their electrode potentials. The order shows the tendency of one metal to reduce the ions 
of any other metal below it in the series. 


A sample from the table of standard potentials shows the extremes of the table. 


Cathode (Reduction) Standard Potential 
Half-Reaction E ° (volts) 

Li + (aq) + e - -> Li(s) -3.04 
K + (aq) + e - -> K(s) -2.92 
Capt (aq) + 2e - -> Ca(s) -2.76 
Na + (aq) + e - -> Na(s) -2.71 
Zno2+ (aq) + 2e - -> Zn(s) -0.76 
Cupz+ (aq) + 2e - -> Cu(s) 0.34 

O3 (g) + 2H + (aq) + 2e - -> O2 (g) + H20(1) 2.07 
F2 (g) + 2e - -> 2F - (aq) 2.87 


Table 3: Samples from the table of standard potentials 


The values for the table entries are reduction potentials, so lithium at the top of the list has 
the most negative number, indicating that it is the strongest reducing agent. The strongest 
oxidizing agent is fluorine with the largest positive number for standard electrode potential. 


The table below shows some common chemicals used for battery electrodes arranged in 
order of their relative electrode potentials. 
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(Negative Terminals) 


(Positive Terminals) 


BEST - Most Negative BEST Most Positive 


Lithium 
Magnesium 
Aluminium 
Zinc 
Chromium 
Iron 

Nickel 

Tin 

Lead 
Hydrogen 
Copper 
Silver 
Palladium 
Mercury 
Platinum 


Gold 


WORST Least Negative 


Ferrate 

Iron Oxide 

Cuprous Oxide 
lodate 

Cupric Oxide 
Mercuric Oxide 
Cobaltic Oxide 
Manganese Dioxide 
Lead Dioxide 

Silver Oxide 
Oxygen 

Nickel Oxyhydroxide 
Nickel Dioxide 
Silver Peroxide 
Permanganate 


Bromate 


WORST Least Positive 


Cells using aqueous (containing water) electrolytes are limited in voltage to about 2 Volts 
because the oxygen and hydrogen in water dissociate in the presence of voltages above 
this voltage. Lithium batteries which use non-aqueous electrolytes do not have this 
problem and are available in voltages between 2.7 and 3.7 Volts. However the use of non- 
aqueous electrolytes results in those cells having relatively high internal impedance. 
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2.4. BASIC BATTERY CONCEPT 


There are two parameters that measure battery performance: voltage and capacity. In very 
simple terms, the voltage is the force propelling each of the electrons coming out of a 
battery and the capacity is the number of electrons that can be obtained from a battery. 


How these parameters relate to batteries is explained below. 


2.4.1. Voltage 


All batteries work on the same set of reactions and use the same active materials. 

Let’s take the lead-Lead /Acid battery as a base of demonstration 

At the positive electrode, lead dioxide (PbOz2) is converted to lead sulphate (PbSO,) and at 
the negative electrode, sponge metallic lead (Pb) is also converted to lead sulphate 
(PbSO,). The electrolyte is a dilute mixture of sulphuric acid that provides the sulphation 
for the discharge reactions. 

The reduction and oxidation reactions each produce a fixed potential. The sum of the 
reduction and oxidation potential is the voltage of the cell. For example, the discharge 
reaction at the positive electrode for a lead-acid cell is 

PbO2 + SOx, -2 + 4H+ + 2e-—> PbSO, + 2H20 

This has a potential of 1.685 volts. 

The reaction at the negative electrode is 


Pb + SQ4-2 —PbSO, + 2e 


This has a potential of 0.356 volts. This means that the overall voltage of a lead-acid cell 
is 2.04 volts. 


This value is known as the standard electrode potential. Other factors, such as the acid 
concentration can also affect the voltage of a lead-acid cell. The typical open circuit 
voltage of commercial lead-acid cells is around 2.15 volts. Depending the manufacturer 
Thus the voltage of any battery cell is established depending on the cell chemistry. 

» Nickel-cadmium cells are about 1.2 volts, 


m Lead-acid cells are about 2.0 volts, and 


» Lithium cells may be as high as nearly 4 volts. (3,6 — 3,7V) 
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Cells can be connected together so that their voltages accumulate. This means lead-acid 
batteries with nominal voltages of 2v, 4v, 6v, etc. are available. 


2.4.2. Capacity 


While the voltage of a cell is fixed by its chemistry, cell capacity is variable depending on 
the quantity of active materials it contains. Individual cells may range in capacity from 
fractions of an ampere-hour to many thousands of ampere-hours. 


The capacity of a battery is rated in ampere-hours (Ah). The capacity of a storage battery 
determines how long it will operate at a given discharge rate. 
For example, a 90Ah battery must be recharged after 9h of an average 10A discharge. 


A cell of a lead-acid automobile battery, when fully charged, has an initial voltage of 2.1V 
at no load, but discharges rapidly. The battery is dead after about 2 h of discharging under 
load condition (2 hours as example if you leave your headlights on without engine 
running). However, in normal use, the alternator in the automobile constantly recharges 
this battery type 


Question/Exercise: 


A car is equipped with a 50Ah battery, fully charged. | leave the lights on; having a power 
of 60W during 2 hours discharging the battery (we assume the voltage stay constant at 
12V). How long it will take to recharge this battery with a loading current of 0.1 time the 
capacity of battery (C/10 Aor0.1 CA) 


L) 0.5 hour L) 1 hour LJ 2 hours L) 5 hours L) 10 hours 


Even having not seen the charging of batteries (chapter 4) you can find the solution 


2.4.3. Voltage and Capacity 


Batteries normally consist of multiple cells that are electrically connected. The way that the 
electrical connections are made determines the voltage 
and capacity of the battery. — is 


If the positive terminal of one cell is connected to the 
negative terminal of the next and so on through the 
battery the result, as illustrated in side figure, is called a 
series connected battery. The voltage of this type of 
battery is the sum of the individual cell voltages. 


Figure 12: Voltage and capacity 
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For example, a 12-volt battery consists of 6 x 2-volt lead-acid cells connected in series. 
Although the voltages add, the cell capacity is fixed at the value for the individual 


Let’s see the voltage and capacity in the next paragraph 


2.5. SERIES AND PARALLEL CELLS 


Any type of battery can be associated, 
connected either in series or parallel 


1.5 volts 
Here for carbon-zinc primary cells the 


“natural” voltage is 1,5V by cell 


Figure 13: Series and parallel cells 


Question: with several cells 
In parallel, |increase Ul) Capacity UO) Voltage QO) Both Voltage and Capacity 


In series, |increase ) Capacity U) Voltage QU) Both Voltage and Capacity 


2.5.1. Series String 


When cells are connected in series, the total voltage across the battery of cells is equal 
to the sum of the voltage of each of the individual cells. In the figure, the four 1.5 V cells in 
series provide a total battery voltage of 
6V. 


When the cells are placed in series, 
the positive terminal of one cell is 
connected to the negative terminal of 


the other cell. Cell1 Cell2 Cell3 Cell 4 
+, «= - - - 
a a — 


+ + 
Figure 14: Cells connected in series 15V 15V 15V 16V 
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The current flowing through such a battery of series cells is the same as for one cell 
because the same current flows through all the series cells. 


Note: In any battery configuration, all of the cells used in a series string must be 
identical to each other. 


A series string is a single series of blocks connected ‘end-to-end’ to form the battery. 


The positive terminal of the first block is connected to the negative terminal of the second 
block; the positive terminal of the second is connected to the negative of the third, etc. 


The overall voltage of the battery is the sum of the individual block voltages and must be 
arranged to match the float voltage setting of the UPS or charger circuit (this in anticipation 
of following chapter). 


The capacity of the battery is unchanged with this arrangement, being the same as each 
individual block. 


For example: 
If 12 x 12V 10Ah blocks are connected in series, 


the resulting battery is 144V with a 10Ah capacity. 


Figure 15: 12 blocks connected in series 


2.5.2. Parallel Strings 


To obtain a greater current, the battery has cells in parallel 


When cells are placed in parallel, all the 
positive terminals are connected together 
and all the negative terminals are connected 
together. 


Any point on the positive side can serve as 


. the positive terminal of the battery and any 
; a 3 point on the negative side can be the 
15V= oh oe 6vV = negative terminal. 


Figure 16: Parallel strings 
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The total voltage output of a battery of three parallel cells is the same as that for a single 
cell, but the available current is three times that of one cell. The parallel connection has 
the same effect of increasing the size of the electrodes and electrolyte in a single cell, 
which increases the current capacity. 


Identical cells in parallel all supply equal parts of the current to the load. 
For example, of three identical parallel cells producing a load current of 270mA, each cell 
contributes 90mA. 


And in “our” industrial application: the series/parallel 


A parallel string is a combination of two or more series strings, and each string must 
contain the same number of blocks. Batteries are paralleled for two main reasons. The 
primary reason is to increase the capacity (Ah rating) of the battery bank. The other reason 
is to increase the resilience of the battery bank so that a single faulty battery will not cause 
all of the batteries to be unavailable to the supported load. 


The positive terminal of the first battery series string is connected to the positive terminal 
of the second battery series string; the positive terminal of the second is connected to the 
positive of the third, etc. 


The negative terminal of the first battery series string is connected to the negative terminal 
of the second battery series string; the negative terminal of the second is connected to the 
negative of the third, etc. 


The overall voltage of the battery is the same as the voltage of each series string. 


The capacity of the battery is the sum 
of the capacities of the individual 
series strings. 


For example: 


If 3 strings of 12 x 12V 10Ah batteries 
are connected in parallel, the 
resulting battery is 144V with a 30 Ah 
Capacity. 


Figure 17: 3 parallel connected 
strings of 12 blocks 


It is unusual for more than six battery series strings to be paralleled. 
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Questions: 
To obtain a greater current, the battery has cells in OU parallel U) series 


Three identical parallel cells (QOQmA) produce a load current of 
QO270mA O90mMA O30mMmA 


The total voltage output of a battery of three parallel cells is 
L] The same as that for a single cell U) different 


Calculate the “theoretical” voltage of this series assembly 


Is this configuration 
possible (polarities 
mixed?) 


Cell 1 Cell 2 Cell3 Cell3 Cella 


*y “+ ud fia l ns =< 
5V 1. V 1. 


L) Yes LI No 


15¥V ae 5V 15 5V 
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2.6. INTERNAL RESISTANCE OF A BATTERY 


A battery is a dc voltage generator. All generators have 
internal resistance, R1. 


In a chemical cell, the resistance of the electrolyte between 
electrodes is responsible for most of the cell’s internal 
resistance 


Figure 18: Internal resistance of a battery 


— Since any current in the battery must flow through the 
internal resistance, R1 is in series with the generated 
voltage VB 
With no current, the voltage drop across R1is zero so that 

R; the full generated voltage Ve develops across the output 
Vp terminals. 


ie This is the open-circuit voltage, or no-load voltage. 


( no-load voltage ) 
Figure 19: No-load voltage 


If a load resistance RLis connected 
across the battery, Riis in series with R1. 


When current It flows in this circuit, the 
internal voltage drop, ILR1, decreases the 
terminal voltage VL of the battery so that: 


Vi (terminal voltage ) 


Vi= VB—- ILRi 


Figure 20: Terminal voltage 


The voltage measured between ‘+’ and ‘-‘of an open battery is systematically higher than 
the voltage measured between the same points but with the battery on load. 
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The internal resistance of a cell can be calculated using the circuit shown below: 


If we measure the cell voltage with the switch 
open and let this be ‘E’, now close the switch 
and measure the current (i) and cell voltage 
again which is now U. 


If E = 2.2V, U = 2.0V and i = 10A, then the cell 
internal resistance (R1) can be calculated. 


The cell internal voltage drop (Vc) due to the 
resistance = E-U =2.2V-—2.0V=0.2V=Vc 


Figure 21: Calculation of internal resistance 


Then, 


Exercise: 
It is your turn now to find the ‘real’ voltage on a load 


A dry battery has an open-circuit, or no-load, voltage of 100V. If the internal resistance is 
100 © and the load resistance is 600 Q, find the voltage Vi across the output terminals. 


The battery is marked 100V 
t because 100V is its open-circuit 
voltage. With no load, the load 
current is zero. 


When load resistance RLis 
6000 Vv.=2? added, there is a closed circuit, 
and the load current is calculated 


Ve = 100¥ by Ohm’s law. 
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2.7. ELECTROLYTE 


The electrolyte of a cell may be liquid or paste. 

» If the electrolyte is a liquid, the cell is often called a wet cell. 

» If the electrolyte is in a paste form, the cell is referred to as a dry cell. 
Paste is also called ‘Gel’ 


The electrolyte is the ionic conductor which provides the medium for transfer of charge 
as ions inside the cell between the anode and cathode. 


The electrolyte is typically a solvent containing dissolved chemicals providing ionic 
conductivity. It should be a non-conductor of electrons to avoid self discharge of the cell. 


Cells using aqueous (containing water) electrolytes (the wet ones) are limited in voltage to 
less than 2 Volts because the oxygen and hydrogen in water dissociate in the presence of 
voltages above this voltage. Lithium batteries which use non-aqueous electrolytes do not 
have this problem and are available in voltages between 2.7 and 3.7 Volts. 


However the use of non-aqueous electrolytes results in those cells having relatively high 
internal impedance. 


2.7.1. The two electrolytes in the Daniell Battery 
(and review of how it works) 


The principles of the Galvanic cell can be demonstrated by the workings of the Daniell cell, 
a two electrolyte system. 


Two electrolyte primary cell systems have been around since 1836 when the Daniell cell 
was invented to overcome the problems of polarisation. This arrangement illustrates that 
there are effectively two half cells at which the chemical actions take place. Each 
electrode is immersed in a different electrolyte with which it reacts. 


The electrode potential, either positive or negative, is the voltage developed by the single 
electrode. The electrolytes are separated from each other by a salt bridge or porous 
membrane which is neutral and takes no part in the reaction. 


By the process of osmosis, it allows the sulphate ions to pass but blocks the metallic ions. 
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The negative pole of the 
The positive pole of the battery 
battery Current Flow ——- Zinc loses electrons more 
+— Electron Flow readily than copper 


Cc ; Zn ; 
Accepts electrons from Salt Bridge _. Supplies electrons to the 
the external circuit external circuit 


Copper metal deposits on 
the cathode 


Zinc goes into aqueous 
solution 


The site of Reduction The site of Oxidation 


The half-cell with the The half-cell with the 
highest electrode potential ©US4 (24) 4NSO4(aq) |owest electrode potential 


GER LEO 
Figure 22: Daniell cell 


This two electrolyte scheme allows more degrees of freedom or control over the chemical 
process. 


Although more complex these cells enabled longer life cells to be constructed by 
optimising the electrolyte/electrode combination separately at each electrode. 


More recently they have been employed as the basis for Flow Batteries, in which the 
electrolytes are pumped through the battery, providing almost unlimited capacity. 


Zinc is a very popular anode material and the chemical action above causes it to dissolve 
in the electrolyte. 


The Daniell cell shown can be said to "burn zinc and deposit copper 


Note- The simple, single electrolyte cell can also be represented by two half cells. It can be 
considered a special case of a Daniell cell with the two electrolytes being the same. 
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2.7.2. Specific Gravity of liquid electrolyte (wet cell) 


Of course, it cannot be ‘dry’ cell for which the electrolyte is not accessible 
If we check the specific gravity, it is for rechargeable batteries and only those having wet 
electrolyte in our application it will be for lead-acid and Ni-cad Acid (or potassium) batteries 


The specific gravity of any liquid is a ratio comparing its weight with the weight of an equal 
volume of water. Pure sulphuric acid has a specific gravity of 1.835 since it weighs 1.835 
times as much as water per unit volume. 


The specific gravity of the electrolyte solution in a lead-acid cell ranges from 1.210 to 
1.300 for new, fully charged batteries. The higher the specific gravity, the less internal 
resistance of the cell and the higher the possible load current. As the cell discharges, the 
water formed dilutes the acid and the specific gravity gradually decreases to about 1150, 
at which time the cell is considered to be fully discharged. 


Specific gravity is measured with a hydrometer of the syringe 
type, which has a compressible rubber bulb at the top, a glass 
barrel, and a rubber hose at the bottom of the barrel. In taking 
readings with a hydrometer, the decimal point is usually omitted. 
For example, a specific gravity of 1.270 (Lead-Acid) is read simply 
as twelve-seventy. A hydrometer reading of 1210 to 1300 
indicates full charge; about 1250 is half-charge; and 1150 to 1200 
is complete discharge. 

Figure 23: Hydrometer 


We see hereafter, the use of a hydrometer, it is part of a 
maintenance program, we see it again in maintenance paragraph; 
it applies for our two ‘wet’ applications: lead-acid and Ni-Cad 
Potassium (or acid). 


The hydrometer, shown, 
is a glass syringe with a 
float inside it. 


The float is a hollow glass tube sealed at both 
ends and weighted at the bottom end, with a 
scale calibrated in specific gravity marked on its 
side. 


To test an electrolyte, draw it into the hydrometer 
using the suction bulb. Draw enough electrolyte 
into the hydrometer to make the float rise. 


| _____— Figure 24; Example of a hydrometer 


Training Course : EXP-PR-EQ160-EN 
Last Revision: 10/07/2007 Page 33 of 184 


2, 


TOTAL 


Exploration & Production 
Equipment 
Batteries 


Do not draw in so much electrolyte that the float rises into the suction bulb. The float will 
rise to a point determined by the specific gravity of the electrolyte. 


If the electrolyte contains a large amount of active ingredient, its specific gravity will be 
relatively high. 


The float will rise higher than it would if the electrolyte contained only a small amount of 
active ingredient. 


2.7.3. Advices when working with electrolyte 


Follow these simple steps to test your battery with a hydrometer: 


» 


>» 


Have the battery fully charged and disconnected 
Do not add water to any of the cells even if they seem empty. 


Fill and drain the hydrometer two to three times before drawing a sample for 
reading. 


Fill the hydrometer with electrolyte. Have enough sample fluid of electrolytes in 
the hydrometer to completely support the float 


Check the reading and put back the electrolyte in the same cell. 
Check all the cells in the battery, repeating the steps above. 


Replace vent caps and wipe of any electrolyte that may have spilled 


When working with acid electrolyte (preparation): (safety on batteries) 


» 


Ensure neutralising solutions are available for immediate use 


m» Add concentrated acid slowly and carefully to the water (Adding water to acid 


causes acid projections and violent heat generation) 


m Stir the mixture with a glass or plastic (Teflon) rod 


» Ensure stored electrolyte is put into an appropriate container (E.g. a glass, 


polyethylene or polypropylene container) 


» Do not allow metal (except lead) to come in contact with acid or electrolyte 


» Allow the electrolyte to cool before checking its specific gravity 
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Electrolyte Spill: (safety on batteries) 


Consult the appropriate MSDS for spill containment, clean up and disposal details. 
If electrolyte is spilt: 


» Water shower fully clothed if electrolyte comes into contact with any part of the 
body or if contact is suspected 


» Throw diatomaceous earth or sand (but NOT sawdust) over the contaminated 
area. (Diatomaceous means it is a non-toxic, safe substance made up from 
crushed fossils of freshwater organisms and marine life. Crushed to a fine powder 
and observed through a microscope, the particles resemble bits of broken glass.) 


» Remove the earth or sand once it has soaked up the acid/electrolyte. 
» Wash down the area with a solution of common washing soda. 


& Dispose of any contaminated material safely 


2.8. BATTERY TERMS 


IDENTIFICATION OF A BATTERY 


By the name of metals in anode and cathode followed (when necessary to specify) by the 
type of electrolyte. 


When saying ‘Lead acid’ battery, it should be said: lead-lead —acid but the making of both 
electrodes in lead in implicitly understood. 


Accumulator: 
Rechargeable electrochemical generator 


Air depolarized battery (Saft): 

Battery composed of a zinc electrode. These batteries have high capacity and require little 
or no maintenance, and are primarily used in traditional applications such as railway 
signalling, electric gates and buoys used in harbours. 


Amperage/Amp Hours (Capacity) 

(Ah) (mAh = Milliamp hours, or 1/1000 amp per hour) 

Represents the amount of energy a battery can hold at the rated voltage. This 
measurement helps determine how long the battery will power the equipment it is used in. 
Generally speaking, the more 'Ah's' the longer the run time. A device which consumes 
100mAh per hour will run about 10 hours on a 1000mAh (or 1Ah) battery. 
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Battery: 
The totality of electrochemical generators, consisting either of non-rechargeable batteries 
or rechargeable accumulators. 


Cell 

A single battery canister. Usually grouped together with other cells to form battery packs of 
different voltages. Example: six 1.2 volt cells group together in series in a battery pack 
results in a 7.2 volt battery. 


Charge 
The process of putting energy into a battery. Required when battery voltage falls below an 
allowable threshold. 


Conditioning 
The process of repeatedly charging and deep discharging a battery for the purpose of 
preventing voltage depression or "memory effect" or to otherwise restore lost capacity. 


Cycle 
The process of charging and discharging a battery, either through normal use of by a 
conditioner. 


Discharge 
The release of energy by the battery. 


Energy density: 

A battery’s energy density (or volume) measured in watt hours per kilogram (WH/Kg), or 
watt hours per litre (WH/L), corresponding to the amount of energy stored per unit of mass 
(or volume) of a battery. 


Memory Effect (voltage depression) 

The term used to describe the capacity loss and subsequent voltage drop in a battery due 
to constant or repetitious charging and incomplete discharging. This results in a loss of 
run time. 


Shell Life 

The shelf life of a cell is that period of time during which the cell can be stored without 
losing more than approximately 10 percent of its original capacity. The capacity of a cell is 
its ability to deliver a given amount of current to the circuit in which it is used. 


The loss of capacity of a stored cell is due primarily to the drying out of its electrolyte (wet 
cell) and to chemical actions, which change the materials within the cell. Since heat 
stimulates both these actions, the shelf life of a cell can be extended by keeping it ina 
cool, dry place. Some manufacturers provide now dry loaded cells which can be stored for 
a relatively long period (to be checked with specific manufacturer data’s 


And for more detailed glossary of terms used with batteries, see the MPower Battery 
Technology Glossary: Source Eurobat 
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2.9. ENERGY DENSITY 


The energy density is a measure of the amount of energy per unit weight or per unit 
volume which can be stored in a battery. Thus for a given weight or volume a higher 
energy density cell chemistry will store more energy or alternatively for a given storage 
capacity a higher energy density cell will be smaller and lighter. The chart below shows 
some typical examples. 
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Figure 25: Relative Energy Density of Some Common Secondary Cell Chemistries 


In general higher energy densities are obtained by using more reactive chemicals. The 
downside is that more reactive chemicals tend to be unstable and may require special 
safety precautions. The energy density is also dependent on the quality of the active 
materials used in cell construction with impurities limiting the cell capacities which can be 


achieved. 


This is why cells from different manufacturers with similar cell chemistries and similar 
construction may have a different energy content and discharge performance. 


Note that there is often a difference between cylindrical and prismatic cells. This is 
because the quoted energy density does not usually refer to the chemicals alone but to the 
whole cell, taking into account the cell casing materials and the connections. 


Energy density is thus influenced or limited by the practicalities of cell construction. , 
hereafter 
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2.10. EXERCICES 


A 
r2 R 
B 


1. Which potential is (theoretically) higher? 


OV1 


V2 


2. Which schema represents a cell? 


OA 
OB 


Q) Both 


3. Which schema represents a battery? 
OA 


OB 


Q) Both 


4. Acar is equipped with a 50Ah battery, fully charged. | leave the lights on; having a 
power of 60W during 2 hours discharging the battery (we assume the voltage stay 
constant at 12V). How long it will take to recharge this battery with a loading current of 
0.1 time the capacity of battery (C/10 A or 0.1 C A)? 


L) 0.5 hour 


L) 1 hour 


LJ 2 hours 


L) 5 hours 


LJ 10 hours 
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5. Calculate the “theoretical” voltage of this series assembly 


Cell 1 Cell 2 Cel3 Cell3 Cell4 = 


+= = += - +, = 
SS eS a 
15¥ 15¥ 15¥ 15V 15¥V 


6. With several cells in parallel, | increase 


UL) Capacity 
UO) Voltage 


QO) Both Voltage and Capacity 


7. With several cells in series, | increase 


UL) Capacity 
U) Voltage 


QO) Both Voltage and Capacity 


8. To obtain a greater current, the battery has cells in 


Q) parallel 


L) series 


9. Three identical parallel cells (9OmA) produce a load current of 


L) 270 mA 


LO) 90mA 


L) 30 mA 
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10. The total voltage output of a battery of three parallel cells is 


LJ The same as that for a single cell 


L) Different 


11.Is this configuration possible (polarities mixed?) 


Cell 1 Cell 2 Cel3 Cell3 Celld 


45 al i “1 al Pas a 


15¥V 1.5V 1.5V 1.5V 1.5V 


12.A dry battery has an open-circuit, or no-load, voltage of 100V. If the internal resistance 
is 100Qand the load resistance is 6000, find the voltage VL across the output 
terminals. 


The battery is marked 100V 
because 100V is its open-circuit 
voltage. With no load, the load 
current is zero. 


When load resistance RL is 
added, there is a closed circuit, 
and the load current is 
calculated by Ohm’s law. 


V_ =100¥V 


Training Course : EXP-PR-EQ160-EN 
Last Revision: 10/07/2007 Page 40 of 184 


Exploration & Production 
Equipment 


Batterie 
TOTAL Ss 


3. CELL CONSTRUCTION AND TECHNOLOGY 


3.1. COMPONENTS 


The basic components of a battery are the electrodes with terminals to connect to the 
external circuit, a separator to keep the electrodes apart and prevent them from shorting, 
the electrolyte which carries the charged ions between the electrodes and a case to 
contain the active chemicals and hold the electrodes in place. 


3.1.1. Case 


The case may simply be a robust container made from glass, plastic or metal, insulated 
from the electrodes, which does not form part of the current path through the battery. Lead 
acid batteries typically have such containers. A metallic case however can be used as one 
of the electrodes, saving materials, as in the case of Leclanché (Zinc- Carbon) cells. 


3.1.2. Electrodes 


The electrodes material may be a rigid metallic grids as in Lead acid batteries or the active 
electrode material may impregnated into or coated onto a spiral rolled metallic foil which 
simply acts as a current collector as in many Nickel and Lithium based cells. 


3.1.3. Separator 


The separator may be a mechanical spacer, fibreglass cloth or a flexible plastic film made 
from nylon, polyethylene or polypropylene. It must be porous and very thin to permit the 
charged ions to pass without impediment and it should take up the minimum of space to 
allow for the maximum use of the available space for the active chemicals. 


At the same time it must be resistant to penetration by burrs or dendrite growths on the 
electrode plates or from contamination of the electrode coating to prevent the possibility of 
short circuits between the electrodes. 


These characteristics should be maintained at high operating temperature when softening 
of the plastic material could clog the pores or reduce its resistance to penetration. The 
breakdown or penetration of the separator is a potential area of weakness in high power 
cells and special separator materials have been developed to overcome this problem. 
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3.1.4. Terminals 


There are many ways of connecting to the electrodes ranging from spring contacts, 
through wires or tags to mechanical studs. The main requirement is that the terminals 
should be able to handle the maximum current without overheating, either the terminal 
itself or the electrode connected to it. This needs careful design of the connection to the 
electrodes to take off the current through the maximum possible area of electrode material 
so as not to cause any hot spots. 


For industrial batteries (for the UPS), tightening lugs, bolts on electrodes terminal and on 
inter connections has to be done carefully with dynamometric type wrench. On 
maintenance vendor booklet, clear instructions on that subject should exist. 


3.1.5. Electrolyte 


For many years all electrolytes were in aqueous or gel form (we see in maintenance 
chapter how to take care of those electrolytes), solid polymer electrolytes have been 
developed which do not suffer from leakage or spillage. They are considered as being 
safer in case of an accident and they also bring new degrees of freedom to cell design 
allowing mechanical designs to be shaped to fit into odd shaped cavities. Polymer 
electrolytes are typically used in Lithium batteries. 
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3.2. INTERNAL CONSTRUCTION 


Broadly speaking 
» the cell voltage is controlled by the cell chemistry and nature of metals, 
» the capacity is governed by the weight of the active chemicals 


» and the current carrying capacity (or power) is governed by the area of the 
electrodes. 


To a lesser extent all three of the above parameters as well as the thermal properties are 
affected by the internal impedance of the cell and this depends on the conductivity of the 
electrolyte and the layout and resistance of the components in the current path. 


Thus the size shape and materials used in its construction all affect the ultimate electrical 
performance of a cell. 


3.2.1. Electrodes (Energy/Power Trade-Offs) 


For a given cell chemistry and within the space available inside a given cell case, the cell 
performance can be optimised for capacity or power. 


» Increasing the surface area of the electrodes increases the cell's current handling 
capability. Thus the cell can both deliver more power and it can be charged more 
quickly. 


» Increasing the volume of electrolyte in the cell increases the cell's energy storage 
Capacity. 


The prime trade off is between the area of the electrodes and the volume of the 
electrolyte which can be contained within the volume available in the cell case. 


High power cells require electrodes with a large surface area as well as enlarged 
current collectors which take up more of the available space within a given cell, displacing 
the electrolyte and reducing the cell capacity. 


The effective surface area of an electrode can be increased without increasing its 
physical size by making its surface porous and using materials with very fine particle 
size. This can increase the effective surface area of the electrodes by 1000 to 100,000 
times enabling higher current rates to be achieved. 


High capacity cells require large volumes of electrolyte which must be accommodated 
between the electrodes. This has a double effect in reducing the cell power handling 
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capability. First, the electrodes must be smaller and further apart to make space for the 
extra electrolyte and hence they can carry less current. Secondly, because of the 
increased volume of the electrolyte, it takes longer for the chemical actions associated with 
charging and discharging to propagate completely through the electrolyte to complete the 
chemical conversion process. 


As an example - Lithium lon cells optimised for capacity may typically handle peak 
currents of 2C or 3C for short periods, whereas Lithium lon cells optimised for power could 
possibly deliver pulsed currents of 30C to 40C. 


Four of the most common constructions are shown below. Over the years there have been 
many thousands of variants of these basic types used for many different cell chemistries. 


High power cells usually incorporate special safety devices. (See Safety Chapter) 


3.2.2. Bobbin Electrodes 


Positive terminal 


ot <; 
poser! 


Alealine LRO3 AAA 10*45 
Pitch seal 


Air space 


Protective casing 
Electrolyte paste 
(ammonium chloride 
and zinc chloride) 

Zinc 
Separator 


Carbon and manganese 
dioxide mixture 


Carbon rod 


- 
» 
¥ 
- 
»* 
~ 
. 
. 
7 
+ 


Negative terminal 


Figure 26: Zinc - Carbon (Leclanché) Cell — 1.5Volt 


And now the application with alkaline ‘batteries’ type AAA or LR 03/AA or LRO6/C or 
LR14/...etc...., all 1.5V 


The bobbin construction has been used for over a century since the introduction of the 
Zinc- Carbon (Leclanché) Cell and a more recently with the newer Alkaline cells which use 
a more complex version of this type. It is a cylindrical construction utilizing an internal 
cylindrical electrode usually in the form of a rod which is immersed in the electrolyte which 
is in turn contained in an external electrode in the form of a cylindrical cup arranged as a 
sleeve inside the cell container. A separator sheath prevents contact between the 
electrodes. 
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Its advantage is that it is simple, it stores a large amount of electrolyte which gives it a 
high capacity and hence long life but the electrode surfaces are very small which results in 
a high internal resistance and limits the currents it can deliver. However, this small area 
also results in a low rate of self discharge and these batteries therefore have a long shelf 
life. It is ideal for many applications requiring primary cells and is manufactured in very 
large quantities. 


3.2.3. Flat Plate Electrodes 


(sive adapter snc valve 


Positive plate pack 


Grid plate 


gern sang fing 


os cemaee pole 
Postive ceil | 


Positive plate connection [Negative call 
connection 

\ fieaaove plate 

Negative 


Figure 27: Cells Used in Lead Acid Battery 


Flat plate cells typically used in Lead Acid batteries also have over a hundred years of 
history and development. The electrodes are made in the form of flat plates suspended in 
the electrolyte which is held in a suitable container which does not usually take part in the 
chemical reaction. 


A separator between the plates prevents them from touching each other and short 
circuiting. This is another simple construction which is also used by many different cell 
chemistries. Its main advantage is that it can be scaled up to very large sizes, larger plates 
providing for higher currents and larger containers allowing high storage capacities. 
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3.2.4. Spiral Wound Electrodes (Jelly-roll or Swiss-roll construction) 


Top Cap (Positive Terminal) 


FTG 


Vent 
Top insulator 


Cathode Tab 


oteel-Can 
(Negative Terminal) 


Bottom insulator T° Gatnode 


Cainode 
Figure 28: LG Spiral Wound Cylindrical Cell 


In the quest for higher current carrying capacity, it is necessary to increase the active 
surface area of the electrodes; however the cell case size sets limits on the size of 
electrodes which can be accommodated. One way of increasing the electrode surface 
area is to make the electrodes and the separator from long strips of foil and roll them into a 
spiral or cylindrical jelly-roll shape. This provides very low internal resistance cells. 


The downside is that since the electrodes take up more space within the can there is less 
room for the electrolyte and so the potential energy storage capacity of the cell is reduced. 


This construction is used extensively for secondary cells. 


The example above shows a Lithium-lon cell but this technology is also used for Ni-Cad’s, 
Ni-MH and even some Lead acid secondary cells designed for high rate applications. 
Spiral wound construction not limited to cylindrical shapes. The electrodes can be wound 
onto a flat mandrel to provide a flattened shape which can fit inside a prismatic case. The 
cases may be made from aluminium or steel. 


This construction is ideally suited for production automation. 
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3.2.5. Button Cells and Coin Cells 


Most button and coin cells follow the same basic 
layout in their construction as shown in the diagram 
above. They are used where small size is required. 


ANODE CAN 
INSULATOR/GASKET 
ZINC ANODE 
SEPARATOR 
CATHODE 
CATHODE CAN 


As with bobbin cells they have a relatively high 
capacity but deliver low power. 


Figure 29: Button cell ZINC-ANODE CELL 


3.2.6. Multiple Electrode Cells 


3.2.6.1. Monopolar configuration 


In this configuration the battery is constructed form individual cells with external 
connections joining the cells to form series and parallel chains. 


This is an example of monopolar configuration. 
Reminiscent of Volta's pile, the positive and negative 
plates are sandwiched together in layers with 
separators between them, inserted into the case, 
and sealed. 


Prismatic Cell Electrode Stack 


Tabs _— 


This construction provides an energy efficient form 

factor and is typically used in high power Lithium Separator 
Polymer cells with the solid polymer electrolyte 

separating the cells. 


Neg (-) 
Electrode 


Figure 30: Stacked Electrodes Pos (+) 
Electrode 


uw 


3.2.6.2. Bipolar configuration 


In bipolar batteries the cells are stacked in a sandwich construction so that the negative 
plate of one cell becomes the positive plate of the next cell. Electrodes, often called duplex 
electrodes, are shared by two series-coupled electrochemical cells in such a way that one 
side of the electrode acts as an anode in one cell and the other side acts as a cathode in 
the next cell. The anode and cathode sections of the common electrodes are separated by 
an electron-conducting membrane which does not allow any flow of ions between the cells 
and serves as both a partition and series connection. 
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This is an efficient design which reduces the number of plates and eliminates external 
connections, reduces the weight of the battery, increases the energy density and reduces 
costs. 


The current pathway is also shorter and resistance losses will be less enabling the battery 
to handle higher power. Bipolar construction is usually adopted for Fuel Cells (*) and Flow 
Batteries in which the electrolyte flows over, or is pumped through the cells, but the 
technique has recently been trialled on much simpler, smaller scale automotive and 
portable batteries with several other cell chemistries using single electrolytes. 


YE ol oo ee Electrolyt 


a r Z ry 
Se ee ee ee ee ee ee ee Electrolyte 
ry 4 os a 7 a a a 
yf ry | yf se 
on Be Be Be Be 
Ead Electrode End Electrode 
Bipolar Bipolar 
electrode electrode 
Mem brane Membrane 


Electrolyte 


Electrolyte 


Figure 31: Bipolar Cell Construction in a Flow Battery 


Bipolar cells suffer from higher self discharge due the shunt current which occurs through 
the electrolyte manifold because the electrodes of the same polarity are at different 
potentials. 


Bipolar batteries are also called "Layer Cells" and "Stacked Wafer Cells" 


(*) a fuel cell is an electrochemical energy conversion device. A fuel cell converts the 
chemicals hydrogen and oxygen into water, and in the process it produces 
electricity. 


The proton exchange membrane fuel cell (PEMFC) is one of the most promising 
technologies. This is the type of fuel cell that will end up powering cars, buses and maybe 
even your house 


AS this principle is (not yet) used on our sites, it is not presented here. Go on the net for 
information 
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3.3. ELECTRODES INTERCONNECTIONS 


The internal resistance of the cell and the distribution of the currents and potentials within 
the cell are affected by the cell geometry which must be optimised to provide robust 
connections, minimum length current paths, and even distribution of currents to avoid local 
hot spots and uneven potentials which could give rise to unbalanced, damaging chemical 
reactions at different parts of the electrodes. 


Anyway, you are not going to design the set of batteries on ‘your’ plant, but you could be in 
charge of maintenance. Refer to the Maintenance paragraph referring to verification of 
batteries connections and interconnections. 


For your private use (wet batteries on your car and dry ones on your camera), be sure that 
connections are firm and secured. No hot point should occur. 


3.4. SEALED CELLS AND RECOMBINANT CELLS 


Most batteries these days seal the electrolyte into the cell case. This is to prevent leakage 
of electrolyte and to prevent any gaseous products of charging and discharging from 
escaping into the atmosphere. The cell may also include a catalyst to promote 
recombination of these gaseous products. Such cells are called recombinant cells. 


For our application for Lead and Ni-Cad batteries, see next chapter, the different types of 
batteries with manufacturer comment/description about the principle of recombination. 


3.4.1. Electrolyte of sealed cells 


All dry cell cells either primary or secondary do not allow any control, any maintenance. 


In “wet cells” (all secondary type) with aqueous electrolyte, the recombination cannot be 
100% effective. When the level of electrolyte becomes too low, these cells can be topped 
with water as per a ‘classic’ vented battery. 


Of course, each cell must be equipped with ‘safety vent’ removable (and allowing check for 
cleaning). 


For “semi-wet cells” (Lead or Ni-Cad in our applications on site) with electrolyte in form of 
gel or paste, no topping can be done. Nevertheless, the recombination cannot be (as well) 
100% and those cells have to be vented. It is for example the denomination VRLA for 
Valve Regulated Lead Acid. 
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3.4.2. Safety Vents for sealed cells 


When a cell is sealed, high internal pressures may build up due to the release of gases 
and due to expansion caused by high temperatures. 


As a Safety precaution sealed cells usually incorporate a safety vent to allow excess 
pressure to be reduced in a controlled way. 


There is the possibility of explosion if a sealed cell is encased in such a way that it cannot 
vent. The vents are often tiny and usually go unnoticed. Standard battery holders won't 
block the vents, but encapsulating the battery in epoxy resin to make a solid power module 
certainly will; 


And on our site, considering that there is no need of 
maintenance on those types of batteries, leaving the 
safety vents dirty and plugged conducts inevitably 
to the build up of pressure and explosion. 


That is what happened already on several sites on 
sealed batteries, mainly on gel type which are (a lot) 
more ‘sensitive’. 


Figure 32: Exploded battery 


Unfortunately there is no simple way of monitoring the internal pressure of standard cells 
to facilitate the implementation of suitable pressure control mechanisms and the product 

designer is dependent on the efficacy of the safety vent and the use of systems based on 
temperature monitoring to provide protection from excessive pressure build up within the 

cells. It is the Pressure Effects. 


We'll try (nevertheless) to see what to do (and to not do) in the charging and maintenance 
paragraph 
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3.5. CELL CASING 


As with the internal cell construction there are many variants of case designs. Some 
standard, low power packages are shown below. 


3.5.1. Cylindrical Cells 


9G 
3 
| 
a 
a 
9 
t 
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Figure 33: Common cylindrical cell cases 


The picture above shows the most common cylindrical cell sizes from a range of 
manufacturers. The shapes may be standardized but the voltages and chemistries are not. 


The four largest sizes can each house Leclanché, Alkaline, Ni-Cad, Ni-MH and Lithium 
chemistries with voltages ranging from 1.2 to 3.7 Volts. The first two chemistries are used 
for primary cells and are based on a bobbin construction. 


The remaining chemistries are used for secondary cells with spiral wound electrodes. Care 
is needed to match the chargers to the appropriate cells. 


Cylindrical cells provide strong mechanical stability, good energy density and low costs. 
It is estimated that 90% of portable, battery-operated devices require AA, C, or D battery 
sizes. 
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3.5.2. Multi-cell Batteries 


The two batteries shown aside are actually made a 
aA 


SuperPlus 
ALKALINE 


up from groups of cylindrical cells. 


The type 23A contains eight 1.5 Volt cells and the 
PP3 contains six 1.5 Volt cells. 


Figure 34: Multi-cell batteries 


3.5.3. Common Household-Battery Sizes 


“Size Shape and Dimensions 
D = Cylindrical, 61.5 mm tall, 34.2 mm diameter. 

C Cylindrical, 50.0 mm tall, 26.2 mm diameter. 

AA Cylindrical, 50.5 mm tall, 14.5 mm diameter. 

AAA Cylindrical, 44.5 mm tall, 10.5 mm diameter. 
PP3 Rectangular, 48.5 mm tall, 26.5 mm wide, 17.5 mm deep. 


Voltage is according to type of electrodes, it will be 


® 1.5V for Carbon-Zinc (Leclanché) or Alkaline* cell in AA, AAA, C, D shapes which 
are primary cells 


m® 1.2V for Ni-Cad, Ni-Mh, secondary in the same ranges of shapes 

 PP3 is 9V either in primary or secondary 

» With Lithium, voltage would be 3 to 3.6V according to the manufacturing 

» Etc..., in other shapes, voltage and dimensions are not yet ‘well’ standardised... 
* With the present new technology, some alkaline cells are rechargeable, alkaline cell has 


become a secondary cell. (Check the packaging to know if it is a primary or a secondary 
one) 
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Button and coin cells are available in a range of sizes, voltages and cell chemistries. (Zinc 
-Air cells are also available but not shown) 


Pouch casings are typically used for Lithium Polymer cells with solid electrolytes, providing 
a low cost "flexible" (sometimes in unintended ways) construction. The electrodes and the 
solid electrolyte are usually stacked in layers or laminations and enclosed in a foil 
envelope. The solid electrolyte permits safer, leak-proof cells. 
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The foil construction allows very thin and light weight cell designs suitable for high power 
applications but because of the lack of rigidity of the casing the cells are prone to swelling 
as the cell temperature rises. Allowance must be made for the possibility of swelling when 
choosing cells to fit a particular cavity specified for the battery compartment. The cells are 
also vulnerable to external mechanical damage and battery pack designs should be 
designed to prevent such possibilities. 


® Positive Terminal 


Negative 
Electrode 


Laminated Film Case Positive Electrode 


Figure 37: Aluminium laminate package 


The GS-Melcotec example illustrated uses spiral wound electrodes and a solid polymer 
electrolyte. 


This construction, using stacked electrodes is suitable for making odd shaped cells but few 
applications make use of this opportunity. 


LLuTPaLIM POL YMERE 6 4 850m | Accumulator Lithium Polymer 
Voltage 8.4v 

Capacity 850 mAh 

Length: 51 mm 

Width: 35 mm 


Thickness: 11mn 
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Figure 38: Lithium polymer accumulator 


lorygzeur Sinn ergeu 350m épaisser 111mm 
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3.5.6. Prismatic Cells 


Prismatic cells are contained ina 
rectangular can. The electrodes are either 
stacked or in the form of a flattened spiral. 
They are usually designed to have a very 
thin profile for use in small electronic 
devices such as mobile phones. 


Plastic Cover Plare 


Positive Termnal 


Prismatic cells provide better space 
utilisation at the expense of slightly higher 
manufacturing costs, lower energy density 
and more vulnerability to swelling, but 
these are minor effects which don't 
constitute a major disadvantage. 


This example from GS-Melcotec has a 
steel can with spiral wound electrodes 
and a liquid electrolyte. 


Case (Negabve Terminal) Figure 39: Prismatic Fe case 


Battery PMR ALCATEL-TAIT Ni-CD 12V 1400 MAH 


Battery Ni-Cd PMR 
Voltage: 12 V 
Capacity: 1400 mAh 
Weight: 375 g 

Length: 99 mm 

Width: 67 mm 

Height: 38 mm 


¥FYVVVYYVQY F¥ 


Figure 40: Example of Ni-Cd battery 


Battery PMR MOTOROLA Li-lon 7.5V 1500 MAH GPNM4024R for 
GP344 


» Battery Li-ion PMR 
» Voltage: 7.2 V 

» Capacity: 1500 mAh 
» Weight: 225 g 


Figure 41: Example of Li-ion battery 
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Batterie PMR ASCOM-AUTOPHON-BOSH Ni-Cd 7.2V - 
1200 MAH for SE140 


Battery Ni/Cd PMR 
Voltage: 7.2 V 
Capacity: 1200 mAh 
Weight: 208 g 
Length: 76 mm 
Width: 66 mm 
Height: 31 mm 
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Figure 42: Example of Ni-Cd battery 


3.5.7. Thin Film Batteries 


Thin film printing technology is now being used to apply solid state Lithium polymer 
chemistry to a variety of substrates to create unique batteries for specialist applications. 


Thin film batteries can be deposited directly onto chips or chip packages in any shape or 
size, and flexible batteries can be made by printing on to plastics, thin metal foil or even 
paper. Because of their small size, the energy storage and current carrying capacity of thin 
film batteries is low but they have unique properties which distinguish them from 
conventional batteries including: 

» All solid state construction 


» The battery can be integrated into the circuit for which it provides the power 
Bendable batteries are possible 


Can be made in any shape or size 

» Long cycle life and operating life 

» Operate over wide temperature range 

» High energy and power densities 

» Cost and capacity are proportional to the area 
» No safety problems 


Figure 43: Example of thin film battery 


Thin film batteries have a wide range of uses as power sources for consumer products and 
for micro-sized applications. 
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The example from Oak Ridge Micro-Energy is designed for use in implantable medical 
devices. 


Other applications include non-volatile memory backup and 
sensors. 


Flexible film batteries like that shown on the left from Infinite 
Power Solutions are suitable for powering smart cards and radio 
frequency identification (RFID) tags. 

Figure 44: Example of flexible film battery 


Under development for ten years, thin film batteries are just 
recently becoming available in commercial quantities. ge 


3.5.8. High Power Batteries 


While there is at least some standardisation with low power cells, the same can not be 
said for high power cells which are made in a wide range of sizes using many different 
construction techniques. These include foil pouches, plastic or glass box like structures 
and cylindrical steel tubes. 


The large cells on the picture are 3.7 Volt Lithium cells. 
The cylindrical cell has a capacity of 60 Ah, while the 

prismatic cell has a 200 Ah capacity. The small cells in 
the foreground for comparison purposes are AAA size. 


Low internal resistance is an important requirement of 
these cells and this in turn requires thick current carriers 
and low contact resistances between the electrodes and 
the interconnections. Because these cells are designed 
to carry high currents which cause them to heat up, the 
cells usually incorporate features to allow for expansion 
of the contents and to avoid swelling. 


There may be voids inside the cell or there could be 


special clamps around the outside of the cells to 
constrain expansion to a particular direction. 


Figure 45: Example of high power battery 
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3.5.9. Power Batteries 


It concerns all the lead-lead and Ni-Cad batteries with electrolyte acid or potassium based 
in aqueous or paste/gel form, vented or sealed. Those batteries are used in our cars, 
trucks, but also in batteries banks associated with UPS and Battery Chargers. 


Like the High Power Batteries, sizing is not standardised and manufacturers propose 
theirs products as per their “own” standards 


Hereafter, some examples 


Sealed Lead Battery with GEL - Europa 12 Volt 


» Voltage: 12v 

» Capacity: 7.5 Ah 26 Ah, 33 Ah, 44 Ah 
» Dimensions: 166*175*125 

» Weight: 9kg - 15Kg - 15Kg 


Figure 46: Sealed Lead Battery with Gel 


Battery Enersol 100 - 12 Volts - 97Ah - 353 x 175 x 190 mm for solar application 


» Voltage: 12 Volts bs me 
» Capacity: from 52 to 250 Ah i pe GT 
» Weight 25.2kg | a age Xs 
» Delivery in dry state with acid 1 


electrolyte apart in 5 litres cans 
Figure 47: Classic ENERSOL Lead vented 


Lead-Gel (acid) Battery sealed SONNENCHEIN 


» From 1,2 to10 Ah for 4, 6, 8, 10, 12V 

» Performing batteries, life time: 6 years 
under normal ambient conditions and in 
« Floating » use. 

» No maintenance 

» Application: Alarms, Safety, Fire & Gas 
Telephone, emergency lighting, ...etc 


Figure 48: Lead-Gel (acid) Battery 
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Lead sealed Battery ‘Saphir’ electrolyte: not specified 


» 6 and 12 Volts from 1.3 to 120 Ah 
» From 0.6 to 16 Kg weight 
» Same applications as above 


Figure 49: Lead sealed battery "Saphir" 


Lead sealed Battery ‘Cyclon’ electrolyte: not specified 


® 2,6 and 12 Volts from 2.5 to 25Ah 
» Temperature ‘utilisation -40°c to +65°c 
» Same applications as above 


Figure 50: Lead sealed battery "Cyclon" 


The ‘Saft’ (or other manufacturer) Batteries in « our » site applications 


Figure 51: “Saft” batteries 
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In Ni-Cad (like the figure “Saft” batteries), 1.25V per cell, with either acid or potassium 
electrolyte itself aqueous or gel; vented or sealed with safety vents (which should be 


removable for maintenance) 


Or in Lead-Lead, 2 to 2.2V per cell, same as above for electrolyte and sealed or vented. 
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4. THE DIFFERENT TYPES OF BATTERIES 


| Prima Series - Parallel 
) Secondar 
1 Carbon 


<a 


Flat ! 


os alt i fecha roe me a 
! ! N\A ye) > 


Round + 


Calsal 


Square : — 
Strange Specific Gravity 


ges ie ree ae 


Figure 52: Panic on batteries 


With what we have seen up to now, you should know (a bit) more about batteries, but it is 
(probably) still confusing... Let’s continue 


4.1. NOMENCLATURE 


4.1.1. Cell identification. 


There is considerable confusion about naming standards for cells with different systems 
used in Europe, the USA and Japan as well as manufacturers ' own standards. 


One convention is two letters followed by a series of numbers. 


The first letter represents the cell chemistry. The second letter represents the shape of the 
cell. 


The numbers represent the dimensions of the cell in millimetres. For cylindrical cells the 
first two digits are the diameter and the remaining digits the length. For prismatic cells the 
first two digits represent the thickness, the second pair the height and the last pair the 
width. 


Because of the plethora of "standards" the only safe course in identifying a cell is to 
consult the manufacturers’ data sheets. 
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4.1.2. Examples 


4.1.2.1. Common Primary Cells 


See Battery Case Sizes hereunder for dimensions of common primary cells. 


Goan Barren Gree Sees 
CELL TYPE SHAPE HEIGHT (mm) DIAMETER (mm) 
Cylindrical 
Cylindrical 
Cylindrical 
Cylindrical 
Cylindrical 
Cylindrical 
Cylindrical 
Cylindrical 105.0 
Rectangular 33.5 x 9.22 
N Cylindrical 29.35 11.95 
PP3 (9 Volt) Rectangular 48.5 26.5 x 17.5 
PP9 (9 Volt) Rectangular 80.2 65.1 x 51.6 
Lantern (6 Volt) Rectangular 115.0 68.0 x 68.0 


Table 4: Battery case sizes 
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4.1.2.2. Low Power Cylindrical Cells 


See Cylindrical Cell Sizes hereunder for a listing of typical cylindrical cell sizes and 
capacities 


DIMENSIONS (mm) CAPACITY VOLTAGE 

MODEL 

DIAMETER LENGTH (mAh) (V) 

14500 14 500 720 3.7 
14650 14 650 940 3.7 
18500 18 500 1100 3.7 
18500F 18 500 1600 3.7 
18650 18 650 1700 3.7 
18650F 18 650 2300 3.7 
18650H 18 650 1900 3.7 


Table 5: Cylindrical cell sizes 


As example, LC 18650 is a common Li-ion cell in a Cylindrical can 
Size (diameter18mm height 65.0mm) 
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4.1.2.3. Prismatic Cells 


See “Low Power Prismatic Cell Sizes” hereunder for a listing of typical prismatic cell sizes 
and capacities. 


DIMENSIONS (mm) CAPACITY | IMPEDANCE | VOLTAGE WEIGHT 
MoDEL | THICKNESS | WIDTH HEIGHT (mAh) (mQ) (V) (g) CASING 
053048 5.5 30.0 48.0 650.0 30-70 of 20.5 Steel 
063048 63 30.0 48.0 750.0 30-70 3.7 25.5 Steel 
063448 6.5 34.0 48.0 950.0 20-60 Out 29.0 Steel 
073048 i 30.0 48.0 900.0 30-70 a. 28.0 Steel 
073448 5 34.0 48.0 1000.0 30-70 S. 32.0 Steel 
083448 8.5 34.0 48.0 1050.0 30-70 3.7 35.0 Steel 
103447 10.0 34.0 47.0 1400.0 30-70 3.7 40.0 Steel 
123582 12.1 35.1 82.0 3000.0 20-60 3.7 90.0 Steel 
143447 14.0 34.0 47.0 1800.0 20-60 3.7 56.0 Steel 
033450 3.9 34.0 50.0 600.0 40-80 3.7 14.8 | Aluminium 
043048 44 30.0 48.0 600.0 30-80 3.7 14.5 | Aluminium 
043450 44 34.0 50.0 720.0 40-80 3.7 16.5 Aluminium 
052246 5.6 22.0 46.0 450.0 40-80 3.7 12.3 Aluminium 
052248 5.8 22.0 48.0 500.0 40-80 3.7 13.5 Aluminium 
053048 5.4 30.2 48.0 700.0 30-70 3.7 17.5 | Aluminium 
053048L 5.4 30.2 48.0 680.0 30-70 3.7 17.5 | Aluminium 
053450 5.4 34.0 50.0 850.0 30-80 3.7 19.5 | Aluminium 
063048 6.4 30.0 48.0 850.0 30-70 3.7 19.0 | Aluminium 
063048L 6.4 30.0 48.0 780.0 30-70 3.7 19.0 | Aluminium 
063448 6.4 34.0 48.0 950.0 30-70 3.7 23.5 | Aluminium 


Training Course : EXP-PR-EQ160-EN 
Last Revision: 10/07/2007 Page 64 of 184 


Exploration & Production 
Equipment 


TOTAL Batteries 
063450 6.4 34.0 50.0 950.0 30-70 3.7 23.0 | Aluminium 
073048 7.5 30.0 48.0 950.0 30-70 3.7 23.1 | Aluminium 
073448 7.6 34.0 48.0 1100.0 30-70 3.7 27.3 | Aluminium 
083448 8.5 34.0 48.0 1200.0 30-70 3.7 28.0 | Aluminium 
103450 10.0 34.0 50.0 1650.0 30-70 3.7 36.2 | Aluminium 


Table 6: Low power prismatic cell sizes 


As example, LP083448 is a Li-ion cell in a Prismatic can: 
Dimensions (thickness 8.mm height 48mm width 34 mm) 


See “High Power Prismatic Cell Sizes” hereunder for examples of high power prismatic 
cells. (High power cylindrical cells are also available) 


CAPACIT MAX 


DIMENSIONS (mm) CurRENT VOLTAGE | IMPEDANCE | WEIGHT 


Y 

MODEL ae nes WIDTH HEIGHT (Ah) (A) (V) (mQ) (Kg) 
6163A 46 116 190 50 100 3.6 0.8-1.5 1.2 
90A 61 115 215 90 180 3.6 0.5-1.5 2.4 
8581A 61 145 220 100 200 3.6 0.5-1.5 3.0 
9393A 71 182 285 200 400 3.6 0.2-0.8 5.5 
5453B 71 280 560 500 800 3.6 < 2.0 15.0 
6168B 71 280 560 700 1200 3.6 < 2.0 17.0 
7171B 71 280 560 700 1100 3.6 < 2.0 19.0 
1313B 85 280 560 1000 1500 3.6 < 2.0 26.0 


Table 7: High power prismatic cell sizes 


Training Course : EXP-PR-EQ160-EN 
Last Revision: 10/07/2007 Page 65 of 184 


Exploration & Production 
) Equipment 


Batteries 
TOTAL 


4.2. PRIMARY CELLS 


Disposable Primary Batteries Resumé of the most used: 


; Cheapest of all, Relatively Low __ Torches, toys, Super 
Carbon/Zine reliable. Power, doorbells. Alkaline 


Cheap, higher 


Alkaline & ower and longer eile 
P g Motorised toys, Alkaline, 
Alkaline life than Medium power : 
; photo flash Alkaline 
button Carbon/Zinc. 
; button 
Longer shelf life 
High output from a 
ae eae life pe oes) 
Zinc Air until opened ier ae ne Hearing aids eyes 
ee Pee’ life is quite g etc 
: short. 
environmental 
impact. 
: : : . : : Photographic Wide range 
Silver Oxide Dota ina Dae high Equipment, e.g. 301, 
Watches. 329,399 etc 
Lithium __ || “ery high power Medical implants, | “ide range 
for low weight. e.g. CR2016, 
Primary High Cost Computer memory, 
Cells Durable, small Car'Fobs CR2032, 
cells. CR123A 


Table 8: Disposable primary cells 

We see hereafter, in detail, the different primary (non rechargeable) cells or batteries 
available on the market, they are the 

® “Leclanche’” Cells (or Carbon-Zinc) 

» Alkaline Cells 

» Silver Oxide Cells 

m& Zinc Air Cells 

» Lithium Primary Cells 


» Water Activated Batteries 


» Thermal Batteries 
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4.2.1. Leclanché Cells (Carbon-Zinc) 


4.2.1.1. Characteristics 


Primary cell with a nominal open circuit voltage of 1.5 Volts produced in very high 
volumes. 


Chemistry based on a zinc anode and a cathode/depolariser of manganese dioxide which 
absorbs the liberated hydrogen bubbles which would otherwise insulate the electrode from 
the electrolyte. It uses a carbon rod as the cathode current collector with an electrolyte of 
ammonium chloride. Its variants have been in use for over a century. The performance of 
Leclanché cells improved by 700% between 1920 and 1990. 
Also referred to as Zinc- Carbon Cells or Dry Cells (not to be confused with Solid State 
Cells) despite having an aqueous electrolyte since in modern cells the electrolyte of 
ammonium chloride and zinc chloride is produced in gel form or held in porous separators 
to reduce potential leakage if the cell becomes punctured. 
Variants include: 

Zinc carbon (Carbon cathode) 

® Zinc chloride (Ammonium chloride electrolyte replaced by zinc chloride) 


» Alkaline manganese (Ammonium chloride electrode replaced by potassium 
hydroxide) 


4.2.1.2. Advantages 


» Inexpensive materials 

» Low cost 

» Available in a wide range of sizes including AAA, AA, C, D and 9Volt sizes. 
» Suitable for a wide range of consumer applications 


» Interchangeable with alkaline batteries 
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4.2.1.3. Shortcomings 

» Propensity to leak 

» The basic zinc carbon battery has a lower energy density than the competing - 
alkaline batteries 

» Poor low temperature performance. Do not function well in sub-zero 
temperatures. 

» The use of naturally occurring manganese dioxide from different sources can lead 
to wide performance variations due to the presence of small quantities of 
impurities such as nickel, copper, arsenic, and cobalt. 

» Not rechargeable 

4.2.1.4. Applications 

» General purpose, low cost applications 

» Toys / Remote controls / Flashlights / Clocks / Consumer applications 

» Losing market share to alkaline cells and newer technologies 

4.2.1.5. Costs 
» Lowest cost primary batteries 
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4.2.2. Alkaline Cells 


4.2.2.1. Characteristics 


» 1.5 Volt primary cell 
» Most popular premium general purpose battery. 


» In an alkaline cell the electrical energy is essentially derived from the reaction of a 
metal with oxygen. 


» The alkaline manganese battery is a variant on the Leclanché cell. As with the 
Leclanché Cell the electrodes are zinc and manganese dioxide but the electrolyte 
is potassium hydroxide. 


Recently rechargeable cells using this chemistry have become available. Known as (RAM) 
Rechargeable Alkaline Manganese batteries they offer all the features and benefits of 
Alkaline primary cells, with the added benefit of being rechargeable, but without the 
disadvantage of "memory effect" (see chapter charging batteries for this term). 


Examples: 


eel | 
elite 
Ubal 
PEE 
q* 
x 
Dy 
} 


Figure 54: Alkaline Cell186 Figure 55: Alkaline Cells 


LR43 Duracell Procell PC915 
Figure 53: Alkaline Cell ECOLI V 6V 13AH or 
GP25A ALR25 
Q9v capacity 18 mAh 1.5v capacity 7OmAh 6V capacity 13Ah 
Dimensions: Dimensions: Dimensions : 
h: 21.4mn dia 7.7mn h 4.2mn diam 11.6mn h 110mn 
Weight: 3.5grams Weight: 1.60gr W 68 * 68 


Weight : 612 grams 


And all “classic” shapes, use between -20 and +70°C 
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4.2.2.2. Advantages 


» 


4.2.2.4. 


Similar to, and interchangeable with, zinc carbon Leclanché cells but with as 
much as double the energy density. 


Four times the capacity of an equivalent size rechargeable Nickel Cadmium or 
Nickel Metal Hydride cells. 


Four to nine times longer life than the equivalent Leclanche cell. 
Constant capacity over a wide range of current drains. 

Suitable for high drain rate applications. 

Good shelf life 


Better low temperature performance than zinc carbon. Continue to function in sub- 
zero temperatures. 


Less leakage than Leclanché cells 
Available in a wide range of sizes including AAA, AA, C, D and 9Volt sizes. 
Suitable for a wide range of consumer applications 


Made from non toxic chemicals 


. Shortcomings 


Higher cost than the basic competing zinc carbon Leclanché cells 

Normally not rechargeable 

25% heavier than Leclanché cells 

RAM cells have limited cycle life of about 100 cycles and are only available in AA 


and AAA sizes 


Applications 


Premium products / Toys / Remote controls / Flashlights / Clocks / Consumer applications 
RAM cells can be interchanged with standard alkaline cells (but not mixed in the same 
application). 
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4.2.2.5. Costs 


Low cost but about 50% higher than zinc carbon, however these cells are more cost 
effective because of the longer life 


4.2.3. Silver Oxide Cells 


4.2.3.1. Characteristics 


Commonly called Silver Oxide batteries they are primary cells with an open circuit voltage 
of 1.6 Volts. 


Because of the high cost of sliver they are available in either very small sizes as button 
cells where the amount of silver used is small and not a significant contributor to the 
overall product costs or they are available in very large sizes where the superior 


performance characteristics of the silver oxide chemistry outweigh any cost 
considerations. 


4.2.3.2. Advantages 


® High capacity per unit weight. 


» Long operating life. A tiny button cell will Keep a watch running 24 hours per day 
for 3 to 5 years!! 


» Low self discharge and hence long shelf life (better than zinc air) 
» Better low temperature performance than zinc air 
» Flat discharge characteristics 


Higher voltage than zinc mercury cells. 


4.2.3.3. Shortcomings 


» Uses expensive materials 
» Lower energy density than zinc air 
» Poor low temperature performance. 


» Limited cycle life. 
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4.2.3.4. Applications 


» A major contribution to miniature power sources. 


» As a button cell it is well suited for hearing aids, instruments, photographic 
applications, electronic watches and other low power devices. 


» Larger size Silver Zinc batteries are used in submarines, missiles, underwater and 
aerospace applications 


4.2.3.5. Costs 


» More expensive than Zinc air 


» Very expensive for high power applications 


4.2.4. Zinc Air Cells 


4.2.4.1. Characteristics 


An example of Metal Air batteries, cells using zinc-air technology are energized only when 
atmospheric oxygen is absorbed into the electrolyte through a gas-permeable, liquid-tight 
membrane. With the removal of a sealing tab, oxygen from the air is introduced into the 
cell. A zinc-air battery usually reaches full operating voltage within 5 seconds of being 
unsealed. 


The zinc air cell is basically a primary battery however rechargeable designs for high 
power applications are possible by physically replacing the zinc electrodes. 


They use the oxygen content of the air as active mass. The positive electrode is a porous 
body made of carbon with air access. Atmospheric oxygen is reduced at this electrode. 
The active mass is thus not contained in the electrode but is taken from the surrounding air 
as it is needed. The initial weight of the battery is reduced accordingly. The negative 
electrode consists of zinc. An aqueous solution of potassium hydroxide serves as the 
electrolyte. 


The cell voltage for the chemistry is theoretically capable 1.65 Volts however almost all 
designs are optimised for less than 1.4 or 1.3 Volts in order to achieve longer lifetimes. 
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RENATA N° 


ZA 675 


ZA 13 


ZA 312 


ZA 10 


ZA5 


42444 


DIMENSIONS 


(mm) 
11.6x5.4 
7.9x 5.4 
7.9xX3.6 
5.8 x 3.6 


5.8 x 2.1 


NOMINAL 
VOLTAGE 


(V) 
1.4 
1.4 
1.4 
1.4 


1.4 


NOMINAL 
CAPACITY 


(mAh) 
610 
270 
150 

80 


35 


Figure 56: Example of ‘Renata’ Cells for hearing devices 


4.2.4.2. Advantages 


» High energy density but low power 


» Inexpensive materials 


» The zinc-air system, when sealed, has excellent shelf life, with a self-discharge 
rate of only 2 percent per year. 


» In relation to their physical size, Zinc/Air batteries store more energy per unit of 
weight (in terms of 220 Wh/kg) than almost any other primary type. 


» Primary cells available in a range of button and coin cell sizes. 


» Rechargeable high power cells available for traction applications. 


4.2.4.3. Shortcomings 


» Sensitive to extreme temperature and humid conditions. 


» Carbon dioxide from the air forms carbonate which reduces conductivity. 
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» High self discharge. 
» After activation, chemicals tend to dry out and the batteries have to be used 


4.2.4.4, 


quickly. 


Although recharging is possible it is also inconvenient and is only suitable for high 
power types. 


High internal resistance which means zinc air batteries must be huge to satisfy 
high current needs. 


High power batteries such as those designed for traction applications use 


mechanical charging in which discharged zinc cartridges are replaced by fresh 
zinc cartridges. The used cartridges are subsequently recycled 


Applications 


The system is well Known as a primary battery. 

Zinc air button cells are commonly used for watches and hearing aids. 

Larger types are employed as prismatic or cylindrical cells for telecoms and 
railway remote signalling, safety lamps at road and rail construction sites or as 


power sources for electric fences. 


Possible traction applications where "Mechanical Charging" cuts down on 
recharging time but little take up so far. 


4.2.4.5. Costs 


» 


Low cost 
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4.2.5. Lithium Primary Cells 


4.2.5.1. Characteristics 
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Figure 57: Button battery lithium CR1025 
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Figure 58: Lithium battery 3V CR12600SE 


Voltage: 3 V Voltage: 3 V 
Dimensions: h 2.5 mm dia 10 mm Capacity 1500mAh 
Temperature of use: -40°c to + 60°c Dimensions: H: 60mm Dia:12mm 
Weight: 15g 


Applications: Memory Back up (MBU) 
Lithium is the lightest of metals and it floats on water. It also has the greatest 
electrochemical potential which makes it one of the most reactive of metals. These 
properties give Lithium the potential to achieve very high energy and power densities 
permitting batteries with very long useful life and small cell packages. 
Because lithium reacts violently with water, as well as nitrogen in air, this requires sealed 
cells. High-rate lithium cells build up temperature and pressure if they are short circuited or 
abused. Thus, the cell design needs to include safety vents, which release the pressure or 
rupture to prevent uncontrolled explosion. 


Typical chemistries are lithium manganese dioxide, lithium sulphur dioxide and lithium 
thionyl chloride (see below) but other variants are available. 


Available cell voltages range between 3 and 4 Volts 
Cell packaging includes coin cell and cylindrical packages. 


Thin film cells based on ceramic or flexible substrates are also available. 


4.2.5.2. Advantages 


High energy density, double that of premium alkaline batteries 


» Low weight 
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» High cell voltage 

& Flat discharge characteristic 

» Low self discharge 

» Very long shelf life 

» Very long operating life (15 to 20 years for lithium thionyl chloride) 

» Wide operating temperature range ( -60 ° C to +85 ° C for lithium sulphur dioxide) 
» Excellent durability 


» Small cell size 


4.2.5.3. Shortcomings 


» High cost 


4.2.5.4. Applications 


» Computer memory protection 
» Medical implants 

» Heart pacemakers 
» Defibrillators 

» Utility meters 

» Watches 

» Cameras 

» Calculators 

» Car keys 

» Security transmitters 
» Smoke alarms 


» Aerospace applications 
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Because of its superior performance characteristics Lithium technology is replacing older, 
traditional technologies in an ever widening range of applications. 


4.2.5.5. Costs 


More expensive than common consumer primary Leclanché and alkaline batteries 


Lithium-Manganese Dioxide Cell: anode: lithium foil cathode: manganese dioxide 
electrolyte: separator sheet impregnated with electrolytic salts cell voltage: 3 volts The 
most common non-rechargeable lithium cell. 


Lithium Iron Disulphide Cell: anode: lithium foil cathode: iron disulfide with aluminium 
cathode contact electrolyte: separator sheet impregnated with electrolytic salts. Designed 
to be a drop in replacement for zinc carbon or alkaline batteries the cell voltage: 1.5 volts. 
Often called the "Voltage compatible" lithium cell, they have a higher energy density than 
the cells they replace and tailored to high current applications. 


Lithium Thionyl Chloride Cell: The highest energy density of all Lithium type cells have a 
service life of 15 to 20 years. 


Lithium lodine Cell: Provides excellent safety and long life. Uses only solid components 


and the separator is self healing if cracks occur. High internal impedance limits its use to 
low drain applications. Used for the majority of implanted cardiac pacemakers 


4.2.6. Water Activated Batteries 


4.2.6.1. Characteristics 


These are single use primary cells often called "reserve batteries" with a long shelf life 
used mainly for emergency applications. 


Stored in the dry condition and activated at the time of use by adding or immersing in 
water or adding an aqueous electrolyte. 


Seawater-activated types also available. 

Magnesium is generally used as the anode material with various chlorides being used for 
the cathode cost being traded off for performance, silver chloride having superior energy 
and current density while cuprous chloride has lower costs. 


Aluminium anodes are also widely used with seawater-activated batteries. 


Very high current densities possible. 
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4.2.6.2. 


» 


» 


¥ 


¥ 


¥ 


4.2.6.3. 


4.2.6.5. 


Advantages 


Reliable 

Rugged 

Safe 

Light weight without the need to carry the electrolyte. 
High power and energy densities 

Good response to pulse loading 

Instantaneous activation 

Long inactivated shelf life 


No maintenance 


Shortcomings 


High self discharge rate after activation 


Once activated they must be replaced 


Applications 
Military applications 


Marine use for sonobuoys, life jackets, Air Sea rescue equipment, emergency 
lighting, weather balloons. 


Forced flow types used for powering torpedoes can deliver over 300kW for 10 
minutes 


Costs 


Silver cathode types have high material costs 


Non-silver cathode types have low material costs 


Training Course : EXP-PR-EQ160-EN 
Last Revision: 10/07/2007 Page 78 of 184 


Exploration & Production 
@) Equipment 


Batteries 
TOTAL 


4.2.7. Thermal Batteries 


4.2.7.1. Characteristics 


These are single use High Temperature galvanic primary cells also called Reserve 
Batteries. 


They contain a metallic salt electrolyte which is non-conducting when solid at ambient 
temperature but which is an excellent ionic conductor when molten. 


Activated by a pyrotechnic charge, they provide a high burst of power for a short period. (A 
few tens of seconds to 20 minutes or more) 


They are rugged and safe with an indefinite shelf life in storage which makes them ideal 
for military applications. 


Typical chemistry is Lithium Iron disulphide. The electrolyte is normally a eutectic mixture 
of lithium and potassium chlorides. 


Power output ranges from a few watts to several kilowatts. 


4.2.7.2. Advantages 


& Able to withstand severe mechanical stresses of acceleration, shock, vibration 
and spin 


» Rugged 

» Reliable 

» Safe 

» High power and energy densities 

» Instantaneous activation 

» Active chemicals are inert until activated 
» Long inactivated shelf life - Up to 20 years 
» No maintenance 


» Design can be optimised for power or capacity. 
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4.2.7.3. Shortcomings 


Operating temperature of 400 to 700°C must be maintained by the pyrotechnic charge 
throughout the duration of the application. Need insulation to conserve heat once activated 


4.2.7.4. Applications 
» Military applications 
» Missiles 


» Weapons systems 


4.2.7.5. Costs 


» Expensive 


Biothermal Battery 
» Low temperature, low power devices using nano scale materials and 
semiconductor technology to convert thermal energy produced by the human 
body into electrical energy. 


» Resulting power can be used to trickle charge batteries for medium power devices 
or to drive low drain applications such as heart pacemakers. 


m Long life. 
» Can be implanted. 
» Low energy conversion efficiency due to low operating temperature. 


» Use limited to low power applications 
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4.3. SECONDARY CELLS 


Disposable Primary Batteries Résumé of the most used and those used on site, they are 
the Rechargeable battery 


Lead / Acid 


Nickel / 
Cadmium 
(Ni-Cd) 


Nickel 

Metal 
Hydride (Ni- 
Mh) 


Lithium 
Rechargea 
ble 


Low cost 
Reliable. 
High Current 


High Rate of charge 
Life cycle approx 400- 
600 times 

Relatively cheap. 


High power in a small 
size. 

No memory effect. 
Rapid Charging possible 
Low environmental 
impact. 

Long shelf life. 


Very high density 

High voltage per cell. 
Low weight 

Fast charge. 

Very low self discharge. 
No memory effect. 
Long life 


Table 9: Primary batteries 


Bulky heavy, may leak 


Memory Effect reduces 
useable capacity 

Being phased out on 
environmental grounds 
because of Cadmium 
content. 


Self discharge quite 
quickly. 
Get hot whilst charging 


Relatively high cost. 
Some care should be 
taken not to damage 
the cell as the contents 
could be hazardous. 


Car Batteries 
Golf trolleys 


Motorised toys, 
power tools. 
Razors. 


Motorised toys, 
power tools. 
Medical 
equipment, 
Toothbrushes 
Razors. 


Laptop computers , 


camcorders, 
cameras. 
Portable TV. 


Medical equipment 


Not Available 


Being 
discontinued 


Ni-MH 
Rechargeable 


Specialist 
Applications 
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4.3.1. Lead Acid 


4.3.1.1. Characteristics 


Pa Ss _ 
— 
Car battery 12V - open Sealed with gel (UPS) — 12V 4V Sealed Lead Gel 
vented Flooded/Wet cell (Alarm, Telephone.,...) 


batteries 
Figure 59: Examples of lead acid batteries 


Lead acid batteries were invented in 1859 by French physicist Gaston Planté, and first 
demonstrated to the French Academy of Sciences in 1860. They remain the technology of 
choice for automotive SLI (Starting, Lighting and Ignition) applications because they are 
robust, tolerant to abuse, tried and tested and because of their low cost. For higher power 
applications with intermittent loads however, Lead acid batteries are generally too big and 
heavy and they suffer from a shorter cycle life and typical usable power down to only 50% 
Depth of Discharge (DOD). Despite these shortcomings 


Battery chemistry 


Lead-acid car batteries for a '12 volt' system consist of six cells of 2.1 V nominal voltage. 
Each cell contains (in the charged state) electrodes of lead metal (Pb) and lead (IV) oxide 
(PbOz) in an electrolyte of about 37% (or 6-12M) w/w sulphuric acid (H2SO,z). In the 
discharged state both electrodes turn into lead (II) sulfate (PbSOx) and the electrolyte 
loses its dissolved sulfuric acid and becomes primarily water. 


Due to the freezing-point depression of water, as the battery discharges and the 
concentration of sulfuric acid increases, the electrolyte (including the more modern jellified 
electrolyte of the gel battery) is more likely to freeze. 


Many vendors sell chemical additives (solid compounds as well as liquid solutions) that 
supposedly reduce sulfate build up and improve battery condition when added to the 
electrolyte of a vented lead-acid battery. Such treatments are rarely, if ever, effective. 
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The following are general voltage ranges for six-cell lead-acid batteries: 
» Open-circuit (Quiescent) at full charge: 12.6 - 12.8 V 
 Open-circuit at full discharge: 11.8 - 12.0 V 
» Loaded at full discharge: 10.5 V 
» Continuous-preservation (float) charging: 13 - 13.2 V 
» Typical (daily) charging: 13.2 - 14.4 V 
m Equalization charging (for flooded lead acids): 15 - 16 V 
& Gassing threshold: 14.4 V 


» After full charge the terminal voltage will drop quickly to 13.2 V and then slowly to 
12.6 V. 


The chemical reactions are (charged to discharged): 
Anode (oxidation): 

Pb(s) + SO; (aq) <> PbSO,(s)+2e €° =0,356V 
Cathode (reduction): 

PbO, (s)+SO; (aq)+4H * +2e” <> PbSO,(s)+2H,O(1) &° = 1,685V 
Because of the open cells with liquid electrolyte in most lead-acid batteries, overcharging 
with excessive charging voltages will generate oxygen and hydrogen gas by electrolysis of 
water, forming an extremely explosive mix. This should be avoided. Caution must also be 


observed because of the extremely corrosive nature of sulfuric acid. 


Antimony is one of the best hardeners for lead batteries. 


4.3.1.2. Advantages 


Low cost. 

» Reliable. Over 140 years of development. 
» Robust. Tolerant to abuse. 

» Tolerant to overcharging. 


» Low internal impedance. 
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» Can deliver very high currents. 

b& Indefinite shelf life if stored without electrolyte. 

» Can be left on trickle or float charge for prolonged periods. 
» Wide range of sizes and capacities available. 

» Many suppliers world wide. 


» The world's most recycled product. 


4.3.1.3. Shortcomings 


» Very heavy and bulky. 


» Typical coulombic charge efficiency only 70% but can be as high as 85% to 90% 
for special designs. 


» Danger of overheating during charging 
» Not suitable for fast charging 
» Typical cycle life 300 to 500 cycles. 


» Must be stored in a charged state once the electrolyte has been introduced to 
avoid deterioration of the active chemicals. 


Gassing is the production and release of bubbles of hydrogen and oxygen in the 
electrolyte during the charging process, particularly due to excessive charging, causing 
loss of electrolyte. In large battery installations this can cause an explosive atmosphere in 
the battery room. Sealed batteries are designed to retain and recombine these gases. 
(See VRLA below) 


Sulphation may occur if a battery is stored for prolonged periods in a completely 
discharged state or very low state of charge, or if it is never fully charged, or if electrolyte 
has become abnormally low due to excessive water loss from overcharging and/or 
evaporation. Sulphation is the increase in internal resistance of the battery due to the 
formation of large lead sulphate crystals which are not readily reconverted back to lead, 
lead dioxide and sulphuric acid during re-charging. In extreme cases the large crystals 
may cause distortion and shorting of the plates. Sometimes sulphation can be corrected by 
charging very slowly (at low current) at a higher than normal voltage. 


Completely discharging the battery may cause irreparable damage. 
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Shedding or loss of material from the plates may occur due to excessive charge rates or 
excessive cycling. The result is chunks of lead on the bottom of the cell, and actual holes 
in the plates for which there is no cure. This is more likely to occur in SLI batteries whose 
plates are composed of a Lead "sponge", similar in appearance to a very fine foam 
sponge. This gives a very large surface area enabling high power handling, but if deep 
cycled, this sponge will quickly be consumed and fall to the bottom of the cells. 


Toxic chemicals 

Very heavy and bulky 

Lower temperature limit -15 °C 

Decomposition of the Electrolyte Cells with gelled electrolyte are prone to deterioration 
of the electrolyte and unexpected failure. Such cells are commonly used for emergency 
applications such as UPS back up in case of loss of mains power. So as not to be caught 


unawares by an unreliable battery in an emergency situation, it is advisable to incorporate 
some form of regular self test into the battery. 


4.3.1.4. Charging 


» Charge immediately after use. 


» Lasts longer with partial discharges. 


¥ 


Charging method: constant voltage followed by float charge. 


¥ 


Fast charge not possible but charging time can be reduced using the_V Taper 
charge control method. 


4.3.1.5. Applications 


» Automotive and traction applications. 


¥ 


Standby/Back-up/Emergency power for electrical installations. 
» Submarines 


» UPS (Uninterruptible Power Supplies) 


¥ 


Lighting 
m» High current drain applications. 


» Sealed battery types available for use in portable equipment. 
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4.3.1.6. Costs 


Low cost 


» Flooded lead acid cells are one of the least expensive sources of battery power 
available. 


» Deep cycle cells may cost up to double the price of the equivalent flooded cells 


4.3.1.7. Varieties of Lead Acid Batteries 


Lead Calcium Batteries 


Lead acid batteries with electrodes modified by the addition of Calcium providing 
the following advantages: 


More resistant to corrosion, overcharging, gassing, water usage, and self- 
discharge, all of which shorten battery life. 


Larger electrolyte reserve area above the plates. 
Higher Cold Cranking Amp ratings. 


Little or No maintenance. 


Lead Antimony Batteries 


Lead acid batteries with electrodes modified by the addition of Antimony providing 
the following advantages: 


Improved mechanical strength of electrodes - important for EV and deep discharge 
applications 


Reduced internal heat and water loss. 

Longer service life than Calcium batteries. 
Easier to recharge when completely discharged. 
Lower cost. 


Lead Antimony batteries have a higher self discharge rate of 2% to 10% per week 
compared with the 1% to 5% per month for Lead Calcium batteries. 
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Valve Regulated Lead Acid (VRLA) Batteries 
Also called Sealed Lead Acid (SLA) batteries. 


This construction is designed to prevent electrolyte loss through evaporation, 
spillage and gassing and this in turn prolongs the life of the battery and eases 
maintenance. Instead of simple vent caps on the cells to let gas escape, VRLA 
have pressure valves that open only under extreme conditions (like PSV’s). 


Valve-regulated batteries also need an electrolyte design that reduces gassing by 
impeding the release to the atmosphere of the oxygen and hydrogen generated by 
the galvanic action of the battery during charging. This usually involves a catalyst 
that causes the hydrogen and oxygen to recombine into water and is called a 
recombinant system. Because spillage of the acid electrolyte is eliminated the 
batteries are also safer. 


AGM Absorbed Glass Mat Battery 
Also known as Absorptive Glass Micro-Fibre 


Used in VRLA batteries the Boron Silicate fibreglass mat which acts as the 
separator between the electrodes and absorbs the free electrolyte acting like a 
sponge. Its purpose is to promote recombination of the hydrogen and oxygen given 
off during the charging process. No silica gel is necessary. The fibreglass matt 
absorbs and immobilises the acid in the matt but keeps it in a liquid rather than a 
gel form. In this way the acid is more readily available to the plates allowing faster 
reactions between the acid and the plate material allowing higher charge/discharge 
rates as well as deep cycling. 


This construction is very robust and able to withstand severe shock and vibration 
and the cells will not leak even if the case is cracked. 


AGM batteries are also sometimes called "starved electrolyte" or "dry", because the 
fibreglass mat is only 95% saturated with Sulfuric acid and there is no excess liquid. 


Nearly all AGM batteries are sealed valve regulated "VRLA". 


AGM's have a very low self-discharge rate of from 1% to 3% per month 


Gel Cell - Gel battery 


This is an alternative recombinant technology also used in VRLA batteries to 
promote recombination of the gases produced during charging. It also reduces the 
possibility of spillage of the electrolyte. Prone to damage if gassing is allowed to 
occur, hence charging rates may be limited. 
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They must be charged at a slower rate (C/20) to prevent excess gas from damaging 
the cells. They cannot be fast charged on a conventional automotive charger or 
they may be permanently damaged. 


Used for UPS applications. 


SLI Batteries (Starting Lighting and Ignition) 


This is the typical automotive battery application. Automotive batteries are designed 
to be fully charged when starting the car; after starting the vehicle, the lost charge, 
typically 2% to 5% of the charge is replaced by the alternator and the battery 
remains fully charged. These batteries are not designed to be discharged below 
50% Depth of Discharge (DOD) and discharging below these levels can damage 
the plates and shorten battery life. 


Deep Cycle Batteries 


Marine applications, golf buggies, fork lift trucks and electric vehicles use deep 
cycle batteries which are designed to be completely discharged before recharging. 
Because charging causes excessive heat which can warp the plates, thicker and 
stronger or solid plate grids are used for deep cycling applications. 


Normal automotive batteries are not designed for repeated deep cycling and use 
thinner plates with a greater surface area to achieve high current carrying capacity. 


Automotive batteries will generally fail after 30-150 deep cycles if deep cycled, while 
they may last for thousands of cycles in normal starting use (2-5% discharge). 
If batteries designed for deep cycling are used for automotive applications they 


must be "oversized" by about 20% to compensate for their lower current carrying 
capacity. 


4.3.2. Nickel Iron 


4.3.2.1. Characteristics 


This rechargeable battery was introduced in 1900 by Thomas Edison. It is a very robust 
battery which is tolerant of abuse and can have very long life even if so treated. It is often 
used in backup situations where it can be continuously charged and can last for 20 years. 
Also called Nickel Alkaline of NiFe batteries. 


The open circuit voltage of these cells is 1.4 V, and the discharge voltage is about 1.2 V. 
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4.3.2.2. Advantages 

» Very robust. 

» Withstands overcharge and over-discharge 

m Accepts high depth of discharge - deep cycling. 

» Can remain discharged for long periods without damage, whereas a Lead Acid 
battery needs to be stored in a charged state. 

» The ability of this system to survive frequent cycling is due to the low solubility of 
the reactants in the electrolyte - potassium hydroxide. 

» Lifetime of 30 years possible 

4.3.2.3. Shortcomings 

» Low cell voltage. 

» Very heavy and bulky. 

» The low reactivity of the active components limits the high rate performance of the 
cells. They take a charge slowly, and give it up slowly. 

» Low coulombic efficiency, typically less than 65% 

» Steep voltage drop off with state of charge 

» Low energy density. 

» High self discharge rate. 

4.3.2.4. Applications 
» Traction applications 
m» Fork lift trucks 
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4.3.3. Nickel Cadmium 


The widest use: dry cells in your radio set, hundreds of wet cells in the site UPS and as 
well with all form of electrolyte (gel, paste, aqueous, polymer,...) and also either vented or 
sealed. 


4.3.3.1. Characteristics dry cells 


1.2 Volt secondary cells using an alkaline chemistry with energy density about double that 
of lead acid batteries. 


Invented in 1899 but only introduced in volume in the early 1960's 


They use nickel hydroxide Ni(OH)2 for the 
positive electrode (cathode), cadmium Cd 
as the negative electrode (anode) and an 
alkaline potassium hydroxide KOH 
electrolyte. 


Their small size and high rate discharge 
Capacity made portable tools and other 
consumer applications practical for the 


first time. 
Figure 60: Examples of dry cells =e 


The cells are sealed and utilise a recombinant system to prevent electrolyte loss and 
extend the useful life. 


Once the battery of choice for low power portable products they have lost (partially) market 
share to the newer Nickel Metal Hydride batteries. (Ni-Mh) 


4.3.3.2. Characteristics of industrial cells 


The nickel-cadmium battery uses nickel hydroxide as the active material for the positive 
plate, and cadmium hydroxide for the negative plate. (same as for dry) 


The electrolyte is an aqueous solution of potassium hydroxide containing small quantities 
of lithium hydroxide to improve cycle life and high temperature operation. 


The electrolyte is only used for ion transfer; it is not chemically changed or degraded 
during the charge/ discharge cycle. In the case of the lead acid battery, the positive and 
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negative active materials chemically react with the sulphuric acid electrolyte resulting in an 
ageing process. 


Figure 61: Sealed or vented, aqueous or gel, the SAFT type 


The support structure of both plates is steel. This is unaffected by the electrochemistry, 
and retains its characteristics throughout the life of the cell. In the case of the lead acid 
battery, the basic structure of both plates are lead and lead oxide which play a part in the 
electrochemistry of the process and are naturally corroded during the life of the battery. 


During discharge the trivalent nickel hydroxide is reduced to divalent nickel hydroxide, and 
the cadmium at the negative plate forms cadmium hydroxide. 

On charge, the reverse reaction takes place until the cell potential rises to a level where 
hydrogen is evolved at the negative plate and oxygen at the positive plate which results in 
water loss. 


Unlike the lead acid battery, there is little change in the electrolyte density during charge 
and discharge. This allows large reserves of electrolyte to be used without inconvenience 
to the electrochemistry of the couple. 


Thus, through its electrochemistry, the nickel-cadmium battery has a more stable 
behaviour than the lead acid battery, giving it a longer life, superior characteristics and a 
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greater resistance against abusive conditions. Nickel-cadmium cells have a nominal 
voltage of 1.2 volts. 


Connector covers 
Material: hard PYC plastic. 


Flame arresting vents a Son : Fe: rs Plate group bus 

Material: polypropylene. , Z Connects the plate tabs with 
the terminal post. Plate tabs 
and terminal post are 


projection welded to the plate 
group bus. 
Cell container 
Material: translucent 
polypropylene. 
Separating grids 
Separate the plates and 
insulate the plate frames from 
Splash guard each other. The grids allow 
Prevents electrolyte splash, free circulation of electrolyte 
and possible short-circuiting between the plates. 
by objects entering the cell. 
Plate frame 
Plate tab Seals the place pockets 
Spot-welded both to the plate and serves as a current 
side-frames and to the upper collector. 
edge of the pocket plate. 


Plate 

Horizontal pockets 
of double-perforated 
steel strips. 


The cells are welded together 
to form rugged blocks of 
1-10 cells depending on the 
cell size. 


Saft Nife battery cells 
fulfill all requirements 
specified by IEC, 
6 publication 623, 


Figure 62: Composition Saft battery 


The battery is built up using well proven block battery construction. The tough 
polypropylene containers (like nearly for all manufactures) are welded together by heat 
sealing. 


See maintenance paragraph for the ‘general checks’ and the specific works according to 
the type of electrolyte 
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4.3.3.3. Advantages 


» Low internal resistance 

» High rate charge and discharge rate possible 

» Up to 10C discharge rates for short periods typical 

Flat discharge characteristic (but falls off rapidly at the end of the cycle) 

» Tolerates deep discharges - can be deep cycled. 

» Wide temperature range (Up to 70°C) 

» Typical cycle life is over 500 cycles. 

» Charging process is strongly endothermic-the battery cools during charging. This 
makes it possible to charge very quickly, as the I7R heating and endothermic 
chemical reactions counteract each other. 


» Rapid charge typically 2 hours, but can be as low as 10 to 15 minutes. 


» The coulombic efficiency of nickel cadmium is over 80% for a fast charge but can 
drop to below 50% for slow charging. 


» The sealed nickel-cadmium cell can be stored in the charged or discharged state 
without damage. It can be restored for service by recharging several 
charge/discharge cycles. 


» Available in a large variety of sizes and capacities 


4.3.3.4. Shortcomings 


A major drawback of this technology is its susceptibility to memory effect: arrived at a 
certain point of discharge (in voltage), the battery stops discharging and looks like fully 
discharged when it is not (really) the case. 


Originally, the terms memory effect or memory problem was coined to describe a cyclic 
memory problem where the NiCad battery would "remember" the amount of discharge for 
previous discharges and limit the recharge life of the battery. The problem is less prevalent 
with modern Ni-Cd batteries, which are designed to avoid cyclic memory issues. 


The memory effect is caused by a change in crystalline formation from the desirable small 
size to a large size which occurs when a NiCad battery is recharged before it is fully 
discharged. The growth of large crystals increases the cell impedance and can eventually 
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prevent the battery from discharging beyond that point and/or cause rapid self-discharge of 
the battery. 


The growth of large crystals can be avoided by either completely discharging it each time it 
is used or by using a NiCad battery charger which has a built-in discharge circuit. 


Memory effect can sometimes be reversed by putting the battery through several complete 
discharge and recharge cycles which helps to recover the smaller crystal formations. This 
is called reconditioning. 


NiCad batteries are also prone to damage by overcharging. 


Low cell voltage of 1.2 Volts compared with primary alkaline cells 1.5 Volts and only 
quarter of the capacity of the alkaline cells. 


Self re-sealing safety vents must be incorporated to prevent damage due to overheating 
and pressure build up. 


The use of Cadmium in consumer products is now deprecated on environmental grounds. 
Gradually being phased out in favour of Nickel metal hydride and Lithium technologies 


which have superior energy density characteristics and performance characteristics. 


4.3.3.5. Charging 


Run down fully once per month to avoid memory effect. 
» Do not leave battery in charger. 
& Slow charging method: Constant current followed by trickle charge. 


» Rapid charging method uses Negative delta V (NDV) charge termination. 


4.3.3.6. Applications 


» Motorised equipment 

» Power tools 

» Two way radios 

» Electric razors 

» Commercial and industrial portable products 


» Medical instrumentation 
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» Emergency lighting 
» Toys 
» Battery banks supply with Battery Charger 


» UPS 


4.3.3.7. Costs 


Relatively inexpensive for low power applications but between three and four times more 
expensive than lead acid for the same capacity. 


4.3.4. Nickel Metal Hydride 


4.3.4.1. Characteristics 


Nickel-metal-hydride batteries are related to sealed nickel-cadmium batteries and only 
differ from them in that instead of cadmium, hydrogen is used as the active element at a 
hydrogen-absorbing negative electrode (anode). 


This electrode is made from a metal hydride usually alloys of lanthanum and rare earths 
that serve as a solid source of reduced hydrogen that can be oxidized to form protons. The 
electrolyte is alkaline potassium hydroxide. Cell voltage is 1.2 Volts 


The Ni-MH battery was patented in 1986 by Stanford Ovshinsky, founder of Ovonics. 


The basic concept of the nickel-metal hydride cell negative electrode emanated from 
research on the storage of hydrogen for use as an alternative energy source in the 1970s. 


Certain metallic alloys were observed to form hydrides that could capture (and release) 
hydrogen in volumes up to nearly a thousand times their own volume. By careful selection 
of the alloy constituents and proportions, the thermodynamics could be balanced to permit 
the absorption and release process to proceed at room temperatures and pressures. 


Now that the technology is reasonably mature, Ni-MH batteries have begun to find use in 
high voltage automotive applications. The energy density is more than double that of Lead 
acid and 40% higher than that of Ni-Cads 


They accept both higher charge and discharge rates and micro-cycles thus enabling 
applications which were previously not practical. The components of Ni-MH batteries 
include a cathode of Nickel-hydroxide, an anode of Hydrogen absorbing alloys and a 
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Potassium-hydroxide electrolyte. Like NiCd batteries, Nickel-metal Hydride batteries are 
susceptible to a "memory effect" although to a lesser extent. 


They are more expensive than Lead-acid and NiCd batteries, but they are considered 
better for the environment. 


4.3.4.2. 


> 


» 


4.3.4.3. 


» 


Advantages 


High energy density 

Typical cycle life is 500 cycles (less than Ni-cads). 

Can be deep cycled. 

Using Ni-MH batteries, up to 3000 cycles at 100 % Depth of Discharge (DOD) 
have been demonstrated. At lower depths of discharge, for example at 4 % DOD, 


more than 350.000 cycles can be expected. 


Robust — Ni-MH batteries also tolerate over charge and over discharge conditions 
and this simplifies the battery management requirements. 


Low internal impedance 

Flat discharge characteristic (but falls off rapidly at the end of the cycle) 

Wide operating temperature range 

Rapid charge possible in 1 hour 

Trickle charging can not normally be used with Ni-MH batteries since 
overcharging can cause deterioration of the battery. Chargers should therefore 


incorporate a timer to prevent overcharging. 


Because of potential pressure build up due to gassing they usually incorporate a 
re-sealable vent valve 


Reconditioning is possible. 


Environmentally friendly (No cadmium mercury or lead) 


Shortcomings 


Very high self discharge rate, nearly ten times worse than lead acid or Lithium 
batteries. 


Can be stored indefinitely either fully charged or fully discharged. 
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» Suffers from memory effect though not as pronounced as with NiCad batteries 


Battery deteriorates during long time storage. This problem can be solved by 
charging and discharging the battery several times before reuse. This 
reconditioning also serves to overcome the problems of the "memory" effect. 
High rate discharge not as good as Ni-Cads 

Less tolerant of overcharging than Ni-Cads 


As with Ni-Cads the cells must incorporate safety vents to protect the cell in case 
of gas generation. 


The coulombic efficiency of nickel metal hydride batteries is typically only about 
66% and diminishes the faster the charge. 


While the battery may have a high capacity it is not necessarily all available since 
it may only deliver full power down to 50% DOD depending on the application. 


Cell voltage is only 1.2 Volts which means that many cells are required to make 
up high voltage batteries. 


Lower capacity and cell voltage than alkaline primary cells 


Losing market share to Lithium batteries 


. Charging 


Run down fully once per month to avoid memory effect. 

Do not leave battery in charger. 

Slow charging method: Constant current followed by trickle charge. 
Rapid charging method uses dT/dt charge termination. 


Use timer cut off to avoid prolonged trickle charge. 


4.3.4.5. Applications 


» 


» 


» 


Low cost consumer applications 
Electric razors 


Toothbrushes 
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» Cameras 

Camcorders 

» Mobile phones 

» Pagers 

» Medical instruments and equipment 


» Automotive batteries 


4.3.4.6. Costs 


Originally more expensive than NiCad cells but prices are now more in line as Ni-MH 
volumes increase and the use of toxic Cadmium based cells is deprecated. 


4.3.5. Nickel Zinc 


4.3.5.1. Characteristics 


This rechargeable battery like the Nickel Iron battery uses an alkaline electrolyte. 
Cell voltage 1.65 Volts 


4.3.5.2. Advantages 


» Good cycle life 
» Fast recharge capability 
m» Can be deep cycled down to 100%. 


» Uses low cost benign materials. 


4.3.5.3. Shortcomings 
m Heavy and bulky. 
m Low energy density. 


» High self discharge rate. 
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4.3.5.4. Applications 


» Traction applications 
» Electric Bicycles 
Scooters 


» Lawnmowers 


4.3.5.5. Costs 


» Low cost but higher than Lead acid 


4.3.6. Lithium Secondary Cells 


4.3.6.1. Characteristics 


Lithium is the lightest of metals and it floats on water. It also has the greatest 
electrochemical potential which makes it one of the most reactive of metals. These 
properties give Lithium the potential to achieve very high energy and power densities in 
high power battery applications such as automotive and standby power. 


Many variations of the basic Lithium chemistry have been developed to optimise the cells 
for specific applications or perhaps in some cases to get around the patents on the original 
technology. Lithium metal reacts violently with water and can ignite into flame. 


Early commercial cells with metallic lithium cathodes were considered unsafe in certain 
circumstances, however modern cells don't use free Lithium but instead the Lithium is 
combined with other elements into more benign compounds which do not react with water. 


The typical lithium-ion cells use carbon for its anode and lithium cobalt dioxide or a lithium 
manganese compound as the cathode. The electrolyte is usually based on a lithium salt in 
solution. 


Lithium batteries have now taken their place as the rechargeable battery of choice 
for portable consumer electronics equipment, though they were expensive when 
introduced. 
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4.3.6.2. Advantages 


In many ways Lithium is almost the perfect cell chemistry and many variants exist. 
Practical Lithium based rechargeable batteries were first demonstrated in the 1970's, and 
they are now used in very high volumes in low power applications such as mobile phones, 
laptops, cameras and other consumer electronic products. They have many attractive 
performance advantages which make them also ideal for higher power applications such 
as automotive and standby power. 


High cell voltage of 3.6 Volts means fewer cells and associated connections and 
electronics are needed for high voltage batteries. (One Lithium cell can replace three 
NiCad or Ni-MH cells which have a cell voltage of only 1.2 Volts) 


» No liquid electrolyte means they are immune from leaking. 

» Very high energy density (About 4 times better than Lead acid). For example a 3.5 
ton electric powered LDV light van uses 750Kg of Lead acid batteries. The same 
capacity could be provided by less than 200 Kg of Lithium batteries, allowing the 
van an increased payload of half a ton. Alternatively. The van's range of only 50 
miles could be quadrupled by using the same weight of Lithium batteries. 

» Very high power density. As above. 


» Very small batteries also available. Solid state chemistry can be printed on to 
ceramic or flexible substrates to form thin film batteries with unique properties. 


» Low weight 

» Can be optimised for capacity or rate. 

Individual cells up to 1000Ah capacity available. 

» Can be discharged at the 40C rate. The high discharge rate means that for 
automotive use the required cold cranking power or boost power for hybrid 
vehicles can be provided by a lower capacity battery. 

» Fast charge possible. 

mh Can be deep cycled. The cell maintains a constant voltage for over 80% of its 
discharge curve. It thus delivers full power down to 80% DOD versus 50% for 
Lead acid. This means that in practice, for a given capacity, more of the stored 
energy is usable or that the battery will accept more starting attempts or boost 
power requests before becoming effectively discharged. 


» Very low self discharge rate. Can retain charge for up to ten years. 
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4.3.6.3. 


> 


» 


Very high coulombic efficiency (Capacity discharged over Capacity charged) of 
almost 100%. Thus very little power is lost during the charge/discharge cycles. 


No memory effect. Does not need reconditioning as do nickel based batteries. 
Tolerates micro cycles 

Long cycle life. Cycle life can be extended significantly by using protective circuits 
to limit the permissible DOD of the battery. This mitigates against the high initial 
costs of the battery. 


Variants of the basic cell chemistry allow the performance to be tuned for specific 
applications. 


Available in a wide range of cell constructions with capacities from less than 500 
mAh to 1000 Ah from a large number (over 100) of suppliers world-wide. 


Volume production has brought the prices down 


Shortcomings 


Internal impedance higher than equivalent Ni-Cads 


For high power applications which require large high cost batteries the price 
premium of Lithium batteries over the older Lead Acid batteries becomes a 
significant factor, impeding widespread acceptance of the technology. This in turn 
has discouraged investment in high volume production facilities keeping prices 
high and has for some time discouraged take up of the new technology. This is 
gradually changing and Lithium is also becoming cost competitive for high power 
applications. 


Stability of the chemicals has been a concern in the past. Because Lithium is 
more chemically reactive special safety precautions are needed to prevent 
physical or electrical abuse and to maintain the cell within its design operating 
limits. Lithium polymer cells with their solid electrolyte overcome some of these 
problems. 

Stricter regulations on shipping methods than for other cell chemistries. 
Degrades at high temperatures. 

Capacity loss or thermal runaway when overcharged. 


Degradation when discharged below 2 Volts. 


Venting and possible thermal runaway when crushed. 
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» Need for protective circuitry. 


» Measurement of the state of charge of the cell is more complex than for most 
common cell chemistries. The state of charge is normally extrapolated from a 
simple measurement of the cell voltage, but the flat discharge characteristic of 
lithium cells, so desirable for applications, renders it unsuitable as a measure of 
the state of charge and other more costly techniques such as coulomb counting 
have to be employed. 


» Although Lithium cell technology has been used in low power applications for 
some time now, there is still not a lot of field data available about long term 
performance in high power applications. Reliability predictions based on 
accelerated life testing however shows that the cycle life matches or exceeds that 
of the most common technologies currently in use. 

These drawbacks are far out weighed by the advantages of Lithium cells and are now 
being used in an ever widening range of applications. 


4.3.6.4. Charging 


Should be charged regularly. 
» Battery lasts longer with partial charges rather than full charges. 
» Can not tolerate overcharging and hence should not be trickle charged. 


» Charging method: Constant Current - Constant Voltage 


4.3.6.5. Applications 


Rechargeable Lithium cells are used a wide range of consumer products including 
cameras, camcorders, electric razors, toothbrushes, calculators, medical equipment, 
communications equipment, instruments, portable radios and TVs, pagers and PDA's. 


They are fast replacing Nickel Metal Hydride cells as the preferred power in mobile 
phones. Laptop computers almost exclusively use Lithium batteries. 


Now high power versions of up to 1000Ah capacity and more are becoming available for 


use in traction applications in electric and hybrid vehicles as well as for standby power. 


4.3.6.6. Costs 


The price of Lithium cells continues to fall as the technology gains more acceptance. 
The target price for high power cells is around $300/kWh but cell makers are still quite 
some way from achieving that. 
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4.3.6.7. Other varieties of lithium rechargeable cells 


Lithium Cell Chemistry Variants 


Lithium's unique properties have been used as a basis of numerous battery chemistries 
both for primary and secondary cells. Using nano - electrode materials provides a bigger 
active surface area and hence a higher current carrying capacity. 


Lithium-ion 


Lithium-ion batteries were designed to overcome the safety problems associated 
with the highly reactive properties of Lithium metal. 


The essential feature of the Lithium ion battery is that at no stage in the charge- 
discharge cycle should there be any Lithium metal present. Rather, Lithium ions are 
intercalated into the positive electrode in the discharged state and into the negative 
electrode in the charged state and move from one to the other across the 
electrolyte. 


Lithium-ion batteries thus operate based on what is sometimes called the "rocking 
chair" or "swing" effect. This involves the transfer of Lithium ions back and forth 
between the two electrodes. The anode of a Lithium-ion battery is composed of 
Lithium, dissolved as ions, into a carbon or in some cases metallic Lithium. The 
cathode material is made up from Lithium liberating compounds, typically the three 
electro-active oxide materials, Lithium Cobalt-oxide LiCoOz , Lithium Manganese- 
oxide LiMnz O,, and Lithium Nickel-oxide LiNiO2 


Lithium salt constitutes the electrolyte. 


The origin of the cell voltage is then the difference in free energy between Li + ions 
in the crystal structures of the two electrode materials. 


Lithium-ion cells have no memory effect and have long cycle life and excellent 
discharge performance. For safety reasons, charge control circuitry is required for 
virtually all Lithium-ion applications. 


Lithium-ion technology uses a liquid or gel type electrolyte. This cell chemistry and 
construction permits very thin separators between the electrodes which can 
consequently be made with very high surface areas. This in turn enables the cells to 
handle very high current rates making them ideal for use in high power applications. 
Some early cells used flammable active ingredients which required substantial 
secondary packaging to safely contain these potentially hazardous chemicals. This 
additional packaging not only increased the weight and cost, but it also limited the 
size flexibility. Modern cell chemistries and additives have essentially eliminated 
these problems 
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Lithium-ion Polymer 


Other 


Lithium-ion polymer batteries use liquid Lithium-ion electrochemistry in a matrix of 
ion conductive polymers that eliminate free electrolyte within the cell. The 
electrolyte thus plasticizes the polymer, producing a solid electrolyte that is safe and 
leak resistant. Lithium polymer cells are often called Solid State cells. 


Because there's no liquid, the solid polymer cell does not require the heavy 
protective cases of conventional batteries. The cells can be formed into flat sheets 
or prismatic (rectangular) packages or they can be made in odd shapes to fit 
whatever space is available. As a result, manufacturing is simplified and batteries 
can be packaged in a foil. This provides added cost and weight benefits and design 
flexibility. Additionally, the absence of free liquid makes Lithium-ion polymer 
batteries more stable and less vulnerable to problems caused by overcharge, 
damage or abuse. 


Solid electrolyte cells have long storage lives, but low discharge rates. 


There are some limitations on the cell construction imposed by the thicker solid 
electrolyte separator which limits the effective surface area of the electrodes and 
hence the current carrying capacity of the cell, but at the same time the added 
volume of electrolyte provides increased energy storage. This makes them ideal for 
use in high capacity low power applications. 


Despite the above comments there are some manufacturers who make cells 
designated as Lithium polymer which actually contain a liquid or a gel. Such cells 
are more prone to swelling than genuine solid polymer cells. 


Lithium Cathode Chemistry Variants 


Numerous variants of the basic Lithium-ion cell chemistry have been developed but 
only Lithium Cobalt and Lithium Manganese are currently being produced in 
commercial quantities. The rest are either at various stages of development or they 
are awaiting investment decisions to launch volume production. 


While the basic technology is well known, there is a lack of operating experience 
and hence system design data with some of the newer developments which also 
hampers their adoption. At the same time patents for these different chemistries 
tend to be held by rival companies undertaking competitive developments with no 
signs of industry standardisation or adoption of a common product. (The original 
patent on Lithium Cobalt technology has now expired which is perhaps one 
explanation for its popularity 


Lithium Cobalt LiCoO.2 


Lithium Cobalt is a mature, proven, industry-standard battery technology that 
provides long cycle life and very high energy density. The polymer design makes 
the cells inherently safer than "canned" construction cells that can leak acidic 
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electrolyte fluid under abusive conditions. The cell voltage is typically 3.7 Volts. 
Cells using this chemistry are available from a wide range of manufacturers. 


The use of Cobalt is unfortunately associated with environmental and toxic hazards. 
Lithium Manganese LiMn20,4 


Lithium Manganese provides a higher cell voltage than Cobalt based chemistries at 
3.8 to 4 Volts but the energy density is about 20% less. It also provides additional 
benefits to Lithium-ion chemistry, including lower cost and higher temperature 
performance. This chemistry is more stable than Lithium Cobalt technology and 
thus inherently safer but the trade off is lower potential energy densities. Lithium 
Manganese cells are also widely available but they are not yet as common as 
Lithium Cobalt cells. 

Manganese, unlike Cobalt, is a safe and more environmentally benign cathode 
material. 


Lithium Nickel LiNiOz 


Lithium Nickel based cells provide up to 30% higher energy density than Cobalt but 
the cell voltage is lower at 3.6 Volts. They also have the highest exothermic reaction 
which could give rise to cooling problems in high power applications. Cells using 
this chemistry are therefore not generally available. 


Lithium Metal Polymer 


Developed specifically for automotive applications employing 3M polymer 
technology and independently in Europe with technology from the Fraunhofer 
Institute, they have been trialled successfully in PNGV project demonstrators in the 
USA. They use metallic Lithium anodes rather than the more common Lithium 
Carbon based anodes and metal oxide (Cobalt) cathodes. 


Some versions need to work at temperatures between 80 and 120°C for optimum 
results although it is possible to operate at reduced power at ambient temperature. 
The Fraunhofer technology uses an organic electrolyte and the cell voltage is 4 
Volts. It is claimed that their cell chemistry is more tolerant to abuse. 


These products are not yet in volume production. 

Lithium Sulphur Li,S, 
Lithium Sulphur is a high energy density chemistry, significantly higher than Lithium- 
ion metal oxide chemistries. This chemistry is under joint development by several 


companies but it is not yet commercially available. Lithium Sulphur cells are tolerant 
of over-voltages. The cell voltage is 2.1 Volts 


Training Course : EXP-PR-EQ160-EN 
Last Revision: 10/07/2007 Page 105 of 184 


Exploration & Production 
@) Equipment 


Batteries 
TOTAL 


Alternative Anode Chemistry 


The anodes of most Lithium based secondary cells are based on some form of 
carbon (graphite or coke). Recently Lithium Titanate Spinel (LisTis012) has been 
introduced for use as an anode material providing high power thermally stable cells 
with improved cycle life 


4.3.7. Sodium Sulphur 


HIGH TEMPERATURE BATTERY 


Since the mid 1960s much development work has been undertaken on batteries using 
Sodium for the negative electrodes. Sodium is attractive because of its high reduction 
potential of -2.71 Volts, its low weight, its non toxic nature, its relative abundance and 
ready availability and its low cost. All these factors offer the prospect of batteries with very 
high power and energy densities. 


Unfortunately in order to construct practical batteries using sodium electrodes, the sodium 
must be used in liquid form. Since the melting point of sodium is 98 °C this means that 
sodium based batteries must operate at high temperatures, typically in excess of 270 °C. 
This in turn brings problems of thermal management and safety and places more stringent 
requirements on the rest of the battery components. 


The first commercial battery produced was the Sodium/Sulphur battery which used liquid 
sulphur for the positive electrode and a ceramic tube of beta-alumina for the electrolyte. 
Corrosion of the insulators can be a problem in the harsh chemical environment since they 
gradually become conductive and the battery self-discharge rate increases. 


Later developments included the Zebra Battery which used a solid metal positive electrode 
of Nickel Chloride. This was intrinsically safer and allowed larger cells to be made. 


The special safety precautions and complex thermal management required for these 
batteries conspire to prevent the achievement of the very high energy densities 
theoretically possible. With the advent of the newer Lithium technologies enthusiasm for 
these high temperature batteries is beginning to wane. 


High temperature technology is also used in Thermal Batteries . These batteries use an 

electrolyte which is solid and inactive at normal ambient temperatures. The batteries only 
become active at high temperatures by the application of heat from an external source to 
liquefy the electrolyte. These batteries are use almost exclusively for military applications 


Training Course : EXP-PR-EQ160-EN 
Last Revision: 10/07/2007 Page 106 of 184 


Exploration & Production 
Equipment 


Batteri 
TOTAL es 


4.3.8. Flow Cells (Redox) 


4.3.8.1. Characteristics 


The Redox battery is an example of both a Flow Battery and a two electrolyte system. In 
this case, it depends on two different active aqueous electrolytes of vanadium dissolved in 
sulfuric acid separated by a membrane at which ionic interchange takes place. The 
chemical reactions take place on inert graphite electrodes stacked in a bipolar 
configuration. The electrolytes are stored externally from the battery and must be pumped 
through the cell for the chemical action to take place.(See fig 31 in paragraph 3.2.6.2.) 
Sloping discharge characteristic with output voltage varying from 1.5 to 1.0 Volts 

The name Redox is a contraction of the terms "Reduction" and "Oxidation". Although these 


particular batteries are named after this chemical reaction, the Redox action is common to 
most all Galvanic cells. 


4.3.8.2. Advantages 


» Very high power output (Tens of kilowatts) 

» Fast recharge by replacing spent electrolyte 

» Capable of long life due to replacement of electrolyte. 
» Can be fully discharged 


m Use non toxic materials 


4.3.8.3. Shortcomings 


» Complex. 
» Low energy density 


» Little commercial take up to date 


4.3.8.4. Applications 


b& Suitable for high power rechargeable storage systems in applications such as 
load levelling. 


Training Course : EXP-PR-EQ160-EN 
Last Revision: 10/07/2007 Page 107 of 184 


Exploration & Production 
@) Equipment 


Batteries 
TOTAL 


4.3.8.5. Costs 


» High costs since little progress from experimental systems to high volume 
applications 


4.3.9. Zebra Cells 


4.3.9.1. Characteristics 


» High power, high capacity cells suitable for electric traction applications. 
» High Temperature Battery operating at over 270°C 
» Sodium Nickel Chloride (NaNCl) chemistry giving a nominal operation cell voltage 


of 2.58 Volts 


4.3.9.2. Advantages 


» High energy density (5 times higher than Lead acid) 
» Large cells (up to 500Ah) possible 

» Cycle life better than 1000 cycles 

» Tolerant of short circuits 


® Safer than Sodium Sulphur cells 


¥ 


Typical cell failure is short circuit which does not cause complete failure of the 
battery. 


hm Low cost materials 


4.3.9.3. Shortcomings 
» Suitable for large capacity batteries only (> 2OKWh) 
» Limited range of available sizes and capacities. (Large multi-cell blocks) 
» Only one factory in the world produces these batteries. 


» High internal resistance 
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» Molten sodium electrode 
& High operating temperature. 


» Preheating needed to get battery up to the 270°C operating temperature. (Up to 
24 hours from cold) 


» Uses 14% of its own capacity per day to maintain temperature when not in use. 


» Thermal management needed 


4.3.9.4. Applications 


» Traction applications, EVs, HEV, and Railway 


4.3.9.5. Costs 


» Expensive 


4.3.10. Other Galvanic Cells 


4.3.10.1. Solid State Cells 


These are cells using solid electrolytes. They offer the advantages of no leakage or 
gassing, long shelf life, excellent packaging efficiency, no separators and miniature 
designs. they depend on electrolyte materials with high ionic conductivity and negligible 
electronic mobility. The former provides low internal resistance while the latter prevents 
self discharge providing long life. The Lithium lodine primary cell used in heart 
pacemakers is an example of such a cell. 


4.3.10.2. Nanotechnology 


Nano-materials (nano-crystalline materials) are currently being used for electrodes and 
separator plates in experimental Ni-MH and Lithium ion batteries where their foam-like 
microstructure provides a very large porous active surface area which can hold and deliver 
considerably more energy than their conventional counterparts. C rates of 10 to 100 times 
higher have been claimed. (This implies charging the battery in one minute!) 


These cells are not yet commercially available. 
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4.3.10.3. Mercury Cells 


The original technology for primary button cells was the mercury cell, which had a mercuric 
oxide cathode, an anode made of an amalgam of mercury and zinc, and an electrolyte 
consisting of potassium hydroxide mixed with zinc hydroxide. It is essentially an alkaline 
cell with a different and more efficient cathode. It provided an open circuit voltage of 1.35 
Volts. 


Designed as a replacement for the carbon-zinc cell, this battery could not only resist high 
temperatures and high humidity, but also had better discharge characteristics, longer shelf 
life, and greater efficiency. 


As mercury is toxic, mercury cells are now banned in the US and some other countries 
and they are now only a curiosity. 


Silver-Oxide or Zinc-Air cells make good or superior alternatives. 


4.3.10.4. Nickel Hydrogen (Ni-H2) Batteries 


Hybrid batteries combining NiCad battery and fuel cell technologies, using pressurised 
hydrogen in place of the cadmium electrode. Not to be confused with Nickel Metal Hydride 
cells. They are robust, maintenance free with high energy and power density. They have a 
very long cycle life of 40,000 cycles and a lifetime of up to 15 years. They are also very 
expensive. 


Used in satellite and spacecraft applications. 


4.3.10.5. Metal Air Cells 


A very practical way to obtain high energy density in a galvanic cell is to utilize the oxygen 
in air as a "liquid" cathode. A metal, such as zinc or aluminium, is used as the anode. (See 
below) The oxygen cathode is reduced in a portion of the cell that is physically isolated 
from the anode. By using a gaseous cathode, more room is available for the anode and 
electrolyte, so the cell size can be very small while providing good energy output. 


4.3.10.6. Rechargeable Aluminium-Air Cells 


They have long shelf-life and high energy density but are complex and have low efficiency. 


Aluminium-air batteries obtain their energy from the interaction of aluminium with air. The 
incoming air must be filtered, scrubbed of CO2z, and dehumidified; the water and electrolyte 
must be pumped and maintained within a narrow temperature range - hence the 
complexity of the battery. 
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The batteries are not electrically recharged but are "refuelled" by replacing the aluminium 
anodes and the water supply. 


Special versions which use seawater electrolytes have also been developed. 


A new generation of Aluminium-Air cells recently patented in Finland using 
nanotechnology have overcome the problems associated with recharging aluminium cells 
and promise very high energy and power densities. 


Still under evaluation and not yet available in production quantities 


4.4. UNUSUAL BATTERIES 


4.4.1, Urine Battery 


No it’s not a joke 


2005 Korean bioengineer Ki Bang Lee working at Singapore's Institute of Bioengineering 
and Nanotechnology developed a paper battery powered by urine for use as a simple, 
cheap and disposable power source for home health tests for diabetes and other ailments. 


It is composed of paper, soaked in copper chloride, sandwiched between layers of 
magnesium and copper and laminated in plastic. The test kit including the battery is about 
half the size of a credit card, 6cm by 3cm and 1mm thick. Typically the battery will provide 
around 1.5 Volts, with a maximum power output of 1.5 milli-Watts with 0.2 millilitres of 
urine. A range of medical test kits incorporating biosensors or biochips is envisaged which 
use the body fluid being tested as the source of power and a variety of geometries and 
materials depending on the requirements of the test. 


4.4.2. Ampoule Batteries 


Ampoule batteries store the electrolyte in a separate ampoule which is incorporated into 
the battery case. When the battery is needed, the ampoule is broken open allowing the 
electrolyte to enter the cell. This technique has been used for military fuses as well as 
marine applications. 


4.4.3. Homebrew Battery 


For many years, before batteries were mass produced, electrical experimenters had to 
make their own batteries and many concoctions were tried. 


You "can" try this at home yourself with materials commonly found around the house. 
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Recipe for making a DIY Battery 


Ingredients 

1 Lemon or lime 

1 Galvanised roofing nail or galvanised screw 

1 Piece of heavy copper wire (Mains cable without the insulation) or 
a shiny copper coin. 


Figure 63: Home-made DIY battery 


Equipment needed 
1 Voltmeter 


Checking the Ingredients (Optional) 

You could try the old fashioned "Tongue Test" (First make sure the 
parts are clean. See 2 below) 

As with wine tasting: Taste - Don't swallow. 

(Note: This is an experiment in electronics, not electric cooking. We recommend that you do not eat the 
fruit used in your battery) 


Preparation 

1. Squeeze the lemon gently without breaking the peel to release the juices inside. 

2. Thoroughly clean the nail and the copper wire until they are bright. Use steel wool if necessary and rinse 
well in water. 

3. Insert the nail and the copper wire deeply into two separate points on the lemon taking care that the wire 
does not touch the nail. 

4. Check the potential between your two improvised skewers with the voltmeter. 


Brewing time 
Ready immediately 


Serves up 
About half a Volt 


Hungry for Power? 

Don't expect to start your car with this battery - The internal resistance is rather high. 

By connecting 3 or 4 batteries in series however you should be able to light up an LED (Light Emitting Diode) 
or a small flashlight. 


Flavours 

The lemon may be replaced by other fruits or vegetables. You could try an Electric Potato for starters. The 
electric effect is the same. 

Using a paper clip instead of the nail reduces the output to one third of a Volt. 

If you can't find a galvanised nail, an alternative (and better) source of zinc is to cut a strip from the case of 
an old flashlight zinc carbon battery (D Cell). 


Chef's notes 

The lemon acts as a battery case holding the lemon juice (citric acid) which acts as the electrolyte. The 
copper Penny is the Positive electrode and the zinc galvanised coating on the Nail is the Negative electrode. 
A series connection is a chain of cells, the positive electrode of each cell connected to the negative electrode 
of the next cell, to form a battery of higher voltage. 


Alternatives 

A passable replica of Volta's pile can be constructed from a stack of alternately placed copper and nickel 
coins separated by discs cut from a paper towel and soaked in lemon juice or vinegar. 

(Make sure the surfaces of the coins are not oxidised) 
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4.5. RECAPITULATIVE TABLE - SECONDARY CELLS 


Lead Acid 1881 / 20 30 / 40 180 60/75 10C [ >10 | 500/800 | 3%/4% Const Volt. 150 
Ni Cad 1956 [ 42. 40/60 150 50 / 150 [3 | 2000 20% -40°C +60°C Const Current | 400/800 
Ni MH 1990 [42 30/ 80 250/1000 | 140/300 20C [6 | 1500 30% -20°C +60°C Df/dt 

Zinc Air 1997 445 — 30 / 140 [ 

Al Air [45 _ [ 

Ni Iron 1901 | 1.2, [ 20% 40% 150 / 200 
Ni Zinc 1920 45 [ <20% 150 / 200 


Zebra NaNiCl 1982 = [ 1000 Zero 

LiCo02 1992 al 90 / 140 220 / 350 40C [ <3 | 1200 5% /10% | -20°C +60°C | Const. Volt. 

LiMn204 1999 | 36 160 1800 270 40C [<3 | 1200 5%/10% | -20°C +60°C | Const. Curr. 300 
Li Ph [32 | 150 2? 250 [ 600 
LiNiCoO2 [ [ 

LiINiO2 [| [ 

LI2S8 2003 b24 300 400 [ <5% 

Lithium Metal 2003 [ 3.0. 150 250 [ 

Lithium Metal 2003 (4.0. 200 400 [| 


Table 10: Recapitulative table - secondary cells 
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Lead Acid 


Ni Cad 
Ni MH 
Zinc Air 
Al Air 


Ni Iron 

Ni Zinc 
Sodium Sulphur 
Zebra NaNiCl 
LiCo02 
LiMn204 

Li Ph 
LiNiCoO2 
LINiO2 

Li2S8 

Lithium Metal 


Lithium Metal 


Deteriorate with micro cycles. Dry or Wet / aqueous (vented) or gel electrolyte 
(sealed) 


Memory Effect; Dry or Wet / aqueous (vented) or gel electrolyte (sealed) 
High self discharge rate. Useful power down to 50% DOD 


Primary cell cannot accept Regeneration Loads. Uses replaceable electrodes 


Primary cell cannot accept Regeneration Loads. Needs booster due to low specific 
power 


Corrosion problems 

Dendrite growth. Causes short cycle life 

High Temperature 350°C. Damaged if Temp < 200°C. Discontinued 
High temperature 270°C 

Expensive. Toxic material. Useful power down to 80% DOD 
Useful power down to 80% DOD 

No Field experience 

No Field experience 

No Field experience 

No Field experience 

No Field experience 


No Field experience 


Table 11: Summary secondary cells 
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5. CHARGING BATTERIES (BATTERY CHARGER) 


More batteries are damaged by bad charging techniques than all other causes 
combined. 


Batteries are generally destroyed by “overcharging” which is in fact an over current. 
By monitoring and limiting the current, once the batteries are charged, no problem 
should occur. 

Maintenance and operating instructions refer to “Floating voltage” for charging 
batteries, but the value of this voltage fluctuates with time as the batteries are 
ageing. 


What is important is the “Floating current” which must be minimum as per 
manufacturer recommendations; anyway never more than 1/100C (*). 


Of course this “floating current” is determined and adjusted by the voltage which is the 
“Floating Voltage”. 


(*) C is the capacity of the battery or set of batteries in series; as example, for100 Ah, the 
“floating current” must be no more than 1 ampere. Again, value to check on batteries data 
sheet, it would be (most probably) less. 

Temperature is the other ‘obvious’ factor to check. If the battery is heating, there is a 
problem. 


More details are given in the section on Charging Times. 


5.1. HOW CHARGING ACCUMULATORS OR BATTERIES 


We are going to see the most important part of this course, the ‘charging’ 


3 main methods of charge have to be distinguished, they are for the 3 main technologies in 
use: 


» Lead Batteries 
» Nickel Batteries 


» Lithium Batteries 
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We see hereafter the charging methods for: 
» Lead Technology 
» NI-Cd Technology. 
» Ni-MH Technology. 
» Lithium Technology 
» Other Technologies 

And we see as well specific subject such as 
Delta Peak -dV/dt -DV what is that? 


» Real Capacity: the capacity of an accumulator changes according to its use. What 
is the meaning, in that case of the capacity indicated on the name plate? 


5.1.1. Charging Lead Acid Batteries 


This is a common part for vented or sealed, aqueous or gel types batteries 


Theories to remember: 
With Lead accumulators, all the reference values (of end of charge and discharge) 
are in voltage. It is said to be 2V as per the reference value of a lead/lead cell but it 
is not exactly this ‘2Volts’. 
All values hereunder noted, can be used, even if not really ‘optimised’ in regard to 
manufacturer indications and recommendations. This values apply for all types of 
lead/lead batteries with electrolytes either VRLA, AGM, aqueous, gel,....etc. vented 
or sealed. 


Reference Voltage: 
Voltage of a charged cell in open circuit, at 25°C: 2.1V and for the ‘classic’ 12V 
battery, it should be 12.6V. This is the value you should read on a voltmeter 
between the electrode of a battery charged over the night and not connected to the 
load 


Floating Voltage: 
Voltage which can be applied permanently on electrodes to be sure that the battery 
is always fully charged: 2.25 to 2.28V per cell at 25°C. Value to be corrected 0.005V 
by degree Celsius in plus or minus as per the ambient temperature. 
Example: at +10°C, floating voltage per cell is at 2.36V (2.28 + 0.005x15) and 2.21V 
(2.28 + 0.005x15) at +40°C, 
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These values have to be checked on manufacturer data sheets.) For the « 12V » 
battery, it will be consequently :14.2V at +10°C and 13.2V at +40°C 


Charging Voltage : 
Maximum Voltage which can be applied on battery electrodes but not permanently : 
2.3 to 2.4V per cell at 25°C and with still the same correcting coefficient 
(0.005C/°C). It is 13.8V to 14.4V for the “12V” battery at 25°C. 
Caution: this charging voltage value is the maximum value in DC voltage, and if the 
charger is of poor (even average) quality, some harmonics or ‘waves’ could be 
added due to bad filtration. The peak voltage is then “seen” by the battery and it 
does not like it. 


Charging Current : 
An easy value to remember is 1/5 of the nominal Capacity in 20 Hours. 
Consequently, for 12V/7Ah battery, this (maximum) current is 1.4 Ampere. In fact, 
checking the manufacturer data sheet, it is generally said 1.7A for a 7Ah and 20A 
for a 85Ah, slightly above the 1/5 C. But, in doubt, stick to the 1/5, the battery would 
not be under charged, it would need (may be) a little time more. 


And in practice: 
You can deduct that your Battery Charger will need to deal with 2 parameters: the 
maximum ‘charging current’ and the ‘end of charge voltage’. 2 methods of charging 
are therefore possible: charging in 2 steps or in 3 steps 


5.1.1.1. Charging Lead Battery in 2 steps 


I (Courbe 1) 


Courbe de charge d'un élément plomb-ocide 


j Pension de charge 


Tension de Floating 13,61 


20h t 
Figure 64: Charging lead batteries in 2 steps 
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In part ‘1’, current is limited to the maximum charging current, C/5 (or manufacturer value) 
Once the voltage arrives at 2.12V (12.7V for the 12V Battery), the charge switches to the 


voltage limitation. 
There are 2 solutions: 


» The Battery is permanently connected to the charger (UPS system) and the 
limited voltage is the ‘Floating Voltage’: 2.26V (13.6V for the 12V Battery), 
allowing the Capacity to be at about 95% after the 20 hoursof charge 


» The Battery is to be used apart immediately, the voltage needs to be at the 
‘Charging Voltage’ value: 2.35V (14.1V for the 12V Battery). The Battery will be 
fully charged, after; of course the ‘normal’ delay of 20 hours. 

In both case, after the 20 hours, the charging current must be limited at 1/100 of the 
Capacity. 


5.1.1.2. Charging Lead Battery in 3 step 


(fourbe #) 


Courbe de charge d'un element plomb-acide 


1,65¥ 


Figure 65: Charging lead batteries in 3 steps 


In part ‘1’, current is limited to the maximum charging current, C/5 (or manufacturer value) 
In part ‘2’, It is the Charging Voltage which is ‘operational’ 
In part ‘3’, the voltage switch to the ‘Floating Voltage’ value 


This method in 3 steps allow the Battery to be charged at 100% in the ‘normal’ charging 
delay of 20 hours and then to maintain the full Capacity in ‘Floating’. 
This is the type of charge used in UPS / Inverters systems. 


Advice: the ‘cheap’ battery charger bought in Supermarket (at 15 Euros!) are going to kill 
your car battery and accessorily (may be) charge it. 
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This “thing” is made with a transformer and a diode bridge only. Adjusting voltage/current 
is done by commutating some of the transformer coils. There is no filter, the peak voltage 
is far above the maximum charging value 


On site: just add the number of cells in series to have the values of ‘Charging Voltage’ and 
‘Floating Voltage’ not forgetting to discount the dead cells somewhere in the middle (those 
you have discovered during the maintenance and short-circuited them). 

In all cases, once the batteries have been in charge for a couple of days, the “floating 
current” must be < 0.01C. 


5.1.2. Charging Nickel-Cadmium Batteries 


As per for the Lead batteries, this applies for all types of Ni-Cd Batteries, dry or wet, 
sealed or vented, aqueous, or gel electrolyte 


5.1.2.1. Normal Charging 


Done with a constant current of 1/10 of Capacity under a voltage at least equal to 1.45V 
per cell. Current must be maintained for at least 14 hours when the Battery was fully 
discharged at the beginning of the charge. 


During charge, the voltage is increasing first rapidly, after slowly to reach the value of 1.4V 
per cell. Charge is then completed. 


If the Battery stays under charge with the same current, there will be overcharge. The 
voltage starts to decrease, the battery does not take more energy but gives out some heat, 
and Battery produces then Hydrogen and Oxygen. After 14 hours of (normal) charge and 
still at 0.1 In, the Battery begins destroying itself. 


The best way to know the end 


of charge is to detect the “dV/dt” + 
(see in following paragraph), a a 


meaning the instant at which = 1—_AV 
the Battery has reached its VB | 
maximum voltage, this one in Ich ! 
turn starting to decrease. This ! 
detection of the dV/dt is Ich | 


mandatory for the other 
methods of ‘rapid charge’ and 
‘accelerated charge’, hereafter. 
Other practical solution: 
detection of the ‘theoretical’ end 
of charge voltage of 1.4V per 
cell 

Figure 66: Normal charging of 

nickel-cadmium batteries 
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5.1.2.2. Accelerated Charging 


Done at 1/5 of the Capacity during 6 to 7 hours maximum. 
Overcharging must not exceed 40 mn, Battery starting to destroy itself after this delay. 


This is a ‘good’ quality charging but, of course, less efficient than the ‘normal charging’. 


5.1.2.3. Rapid Charging 


Done at the Capacity of the Battery during 1 hour maximum; Overcharging is strictly 
‘forbidden’ at this charging rate 


Caution: not all the Ni-Cad Batteries allow this type of charge. 
In ‘Rapid Charging’ (and as well in ‘Accelerated Charging’), the charger must be equipped 


with end of charge detector (dV/Dt system) which see the instant when the voltage starts 
to decrease, and the Battery must be fully discharged at the beginning of charge. 


5.1.2.4. Permanent Charging 


Done at 1/20 of the Capacity with limitation of time (but not up to a week!). 


The Battery charges but not heats after end of charge due to lower current. 


5.1.2.5. Maintaining Current 


Or “Floating Current” 

Once the charge is completed, applying a current of 1/100 of Capacity (same as for Lead 
Battery) maintain the Battery at its full Capacity indefinitely. This current does not charge 
the Battery, it simply compensate the natural loss of energy which are (without this 0.01C 
current) of 99% of Capacity after 10 days and 90% after one month. 


Voltage to be adjusted and regulated to have this 0.01C (maximum) current. 


5.1.2.6. Industrial charging method 


Which is the method used in site UPS and Battery Chargers 


It is a combination of ‘Rapid’ or ‘Accelerated’ charge with a permanent charging at end of 
cycle. Detection of dV/dt (point 3 of the curve under) triggers the charging current to 1/20 
of Capacity during few hours. 
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The industrial chargers are equipped with all the required safety devices in detection of 
Voltage, Current, Temperature, and timing. 


@) Charge mode ewitching (1) 
Switthes ta trickle charge when wall: 


Voltage drop (-A'V) is not age of 1.95/call is detactad. 
t delecied for the first 6 min, 
of charge (2) Switches to trickle charge 


when voltage drop [-2') of 
t 15-20mVicell is detected 


@) Charge mode 
ewitching (2) 
Swithes to rapid charge 
at voltage of 0.6-7.0Vicell 


® ich 
ie) 
@) Rapid charge current of 
0.6 OmA or higher (max. 
imum charge currant de- 
termined according to 
ihe specific type of bat. 
tery}. 
F(T) Initial charge current of 
approx. 0.2 CmAé. 


@) Trickle ch arge current 
of 0.05 Cmaé for 15 hours 


Li 


(PRapid-charge total timer [counts up to time corresanding ta 150% af 
the nominal capacity). 

(@) Temperature range for rapid charge 10 to 40° C/50°F to 14°F} 
(Tamperature detected by a thermistor.) 


Figure 67: Combined charging curve 
(1) Time delay on end of charge detection to avoid triggering at the beginning of charge 
(2) Detection of 1.95V max per cell 
(4) Limitation of charging current if voltage is under 0.8V per cell 
(8) Time delay limiting rapid or accelerated charge at 150% of Capacity 
(9) Temperature sensor for check of cell temperature. Cell to be equipped with these devices. 


And on site: same remark as per Lead Batteries, check the current charging your 
UPS of Battery Charger Sets. The current in normal, stabilised conditions must be < 
0.01 C of the Batteries. For the ‘Floating voltage’, it is 1.4V per cell and you need to 
know the number of cell (in good conditions) in series. The charging current is 
available on the ampere-metre on the door of the unit... And if you see an abnormal 
high value for this current, call the electrician... 
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5.1.3. Charging Nickel-Metal Hydride Batteries 


Like the Ni-Cad accumulator, the Ni-MH is charge at constant current. The difference is in 
the variations of Voltages at end of charge. Ni-MH has far less amplitude variations in such 
a way that the dV/dt detection at 0.1 C is 
nearly impossible. 


Charge: 120% 
Temp.: 20°C (68°F) 


The detection of dV2/dtz (inflexion of 
charging curve at end of charge) is 
required. No way to detect the voltage, it 
has not enough accuracy, the charge at 
0.1C is not easy to realise due to this 
particularity of ‘smooth’ end of charge 


Voltage (V) 


+ 


Figure 68: Charging curve Nickel-Metal 
Hydride batteries 89 20 40 60 80 100 120 140 160 
Charge capacity (%) (Nominal capacity ratio) 


Battery voltage 


\ 


Battery temperature 


? \ 
Voltage Charge current 
Current 
Temp. |—-@ 


Figure 69: Example of a rapid charge system for Ni-MH 


(1) Rapid Charge current: must be between 0.5 and 1 C (or In). Above In, there will be overheating and 
gassing. 

(2) Pre-charge current: 0.2 to 0.3 In, in case of voltage being under 0.8V per cell 

(3) Start of a Rapid Charge when voltage reach 0.8V 

(4) Detection of maximum voltage at 1.8V per cell 

(5) Detection of dV/at for switching to permanent charging current: 5 mV < -dV < 10 mV per cell 
(6) Detection of dT/dt for switch to permanent charging current: 1 to 2°C/mn 

(7) Detection of maximal temperature, 50 to 60°C according to manufacturer. 

(8) Time delay of 10 mn to inhibit detection dV/dt at beginning of charge 

(9) Permanent charging current at 1/30 to 1/20 of In 

(10) Time delay for pre-charge: 60 mn 

(11) Time delay for ‘Rapid’ charge: 90 mn 

(12) Time delay total: 10 to 20 hours 
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The manufactures of Ni-MH chargers have adopted a specific method using several steps 
in charging. It starts by a ‘Rapid Charge’ at 0.5 to 1 C. With such a current, the charging 
curve gives at end of charge a slight inflexion which allows consequently the detection of 
the dV/dt 


Once this instant is detected, current is decreased to 1/30 of C to complete the charge by 
a ‘Maintaining Charge’ 


Caution, the Ni-MH batteries do not like overcharging and detection of end of charge is 


very important. It is mostly advised to incorporate a time delay limiting the charge at 90 mn 
and a temperature monitoring to avoid overheating. 


5.1.4. Charging Lithium Batteries 


The voltage of lithium accumulators is 3.6V for the Li-ion old technology and 3.7V for the 
Li-Po and Li-ion new technology 


Whatever the technology (Li-ion, Li-Po, ...) the charging principle is identical: 

» The charge is at constant voltage and limited current. 
Particularity of charging Lithium cells is based on 2 main “points: 

» They do not support overcharging, even a small one 

» Voltage value for charging must be respected otherwise it does not charge! 
The gap of voltage is very thin to charge the Lithium batteries, it requires a very strict value 


The 2 technologies Li-ion (old) and Li-Po + Li-ion (new) have closed reference 
voltages but they are different and the charger of one will not work on the second! 


Charging Voltage: 
» Reference Voltage: 3.6V - Charging Voltage: 4.1V per cell 
» Reference Voltage: 3.7V - Charging Voltage: 4.2V per cell 
m» Tolerance is +/- 0.05V per cell 
Charging Current limited between C/2 and 1C, charging time between 2 and 3 hours 


Some manufactures pretend charging Lithium cells in 1 hour but in one hour, the charge is 
only at 75% of the Capacity 
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Charging Curve (under): 


» At the beginning of the charge, the current is limited and voltage increases slowly 
up the maximum charging voltage (4.1 or 4.2V) 


Then occur the second phase (the filling, voltage stays perfectly stable and 
current decreases 


» Charge is completed once the current comes under 0.03 C 
Then charge must be stopped, otherwise cell are destroyed 
An overcharged Lithium battery generates Hydrogen, thus Pressure and Temperature 
increase, and it can go up to the explosion. 
Li-ion batteries are generally protected by inside devices, but the Li-Po’s are not, and if 


they are not subject to explosion, they can burst into flames.... 


If you see overheating, cut the power!! 


Voltage / Cell 
~~ 7 Grarge Gurrerd 
Sage 1 ' Stage 2 I Stage 3 
hiax. charge current ; hiax. cell voltage is reached. | Occasional 
is appled untlthe 1 Charge current starts to dop \ topping charge, 
vell wo lage lirnilis 1 as full charge is approached . ' dbuul ir 
1055 reached. 1 1 500h 
1 00/4 
> 
= 
a 0.755 
m | 
= 1 
| 
$ 7 
c 0.502 a: 
a Terminate 
= charge when 
o urent < 3%0f 
125 rated current 


Tme (hrs) 


Figure 70: Charging curve Lithium batteries 
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Last Charging Advises 


& Do not increase the charging current to decrease the charging time. If it allows 
going faster to step 2, the “filling” phase will require more time and high charging 
current will hamper the life time of the battery. It is more advisable to stand ata 
charging rate of C/2. 


» Do not apply low charging current (or maintain current). It creates a deposit of 
Lithium on electrodes conducting to unstable conditions. To compensate the 
‘auto-discharge’, it is recommended to charge briefly the battery every 500 hours. 
This recharge should be as well stopped at 0.03C 

m» Risks charging Li-Po in series. These types of cells could have not exactly the 


same voltage and one cell in a middle of a series block could be reactive to a non- 
adapted charging voltage 


» No Maintaining current, 


» No Floating voltage (or current) 


» Charged = disconnected 
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5.1.5. Charging Alkaline Batteries 


Current Voltage 


1.65V 
500 mA 


Average 1.0V 
Charge Current 


1 a 3 (typical values) 


Figure 71: Typical current/voltage profile for rechargeable alkaline batteries 
m& Charging Voltage limited at 1.7V 
Charging Current limited at C/15 
» Charging time of about 10 hours 


» Discharge voltage minimum: 1.25V 


See manufacturer documentation Rayovac on this subject 


Figure 72: Examples of alkaline batteries 
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5.1.6. Delta Peak -—dV/dt - dV 


This phenomena concerns only Ni-Cd and Ni-MH Batteries 


A _Ni-Cd or Ni-MH cell is charged when the derivative value of the voltage goes to 
zero (the derivative of a curve is the tangent of the same curve at a given point) 


V 
, 
dVidt=0 B 


1V 


Fin de charge 


Figure 73: Derivative value of voltage 


Before end of charge the voltage increases, derivative is positive 
Once cell is charged, voltage does not increase, derivative becomes zero 
After the full charge, voltage decreases and derivative becomes negative 


The principle is to detect this change from positive to negative, detecting at zero being the 
“ideal” control. 


The 3 terms “Delta Peak”, “-dV/dt” and “dV” are the mathematical interpretation of the 
change of status in the curve direction. 
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5.1.7. Real Capacity of Batteries 


International Standard for accumulators are 


? For Lead Batteries 
CEI 61951-1 for Ni-Cad Batteries 
CEI 61951-2 for Ni-MH Batteries 


Extracted from the Standards, it is well said that the manufacturer must indicate on the 
name plate the “assigned capacity” 


The ‘assigned Capacity” should be tested and controlled (and is anyway part of 


Maintenance in a battery bank) according to “article ‘” of those standards 


Capacity Test: 


Charge must be done at +20°C +/-5°C at a constant current of 0.1C during 16 hours, the 
cell (or battery) having been discharged initially et the same temperature at 0.2In down to 
1.0V. 

The battery must be kept charged, not touched at least 1 hour and at maximum 4 hours 


Discharge allowing the measurement of the Capacity must then be done at 0.2 In at 20°C 
+/-5°C up to the final voltage of 1.0V. 


Capacity must at least correspond to the manufacturer indication. Example: for a 100Ah 
battery, discharge at 20 Amperes must last at least 5 hours before reaching the ‘critical’ 
voltage of 1.0Volt 
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5.2. THE BATTERY CHARGER 


5.2.1. Description and principle of operation 


This is the basic and general technology. Of course “simple” battery chargers exist 
on the market, we consider hereafter, “our” devices used on site. 


roy 


VOLTAGE 


REGULATOR 


CURRENT 
REGULATOR 


CONTROL 
Uc 


Figure 74: Battery charger 


The power circuit includes: 
bm A main transformer 


» A transducer whose control the flow of the charger according to a “weak” D.C. 
current of control 


» A single-phase bridge of diode 
» A battery or a set of cells in series and parallel 
The regulating circuit includes: 


» A voltage controller with transistor which regulates the charging voltage with +1 % 
(at least) of the nominal value. 


Training Course : EXP-PR-EQ160-EN 
Last Revision: 10/07/2007 Page 129 of 184 


Exploration & Production 
@) Equipment 


Batteries 
TOTAL 


» Accurrent controller with transistors which limits the current of the charger and its 
nominal current. 


The voltage controller works in such a way that for an increase of the battery voltage, the 
flow of the charger decreases to lower the voltage of the battery, by decreasing the control 
current circulating in the transducer. 
The transducer consists of two magnetic circuits 

» One AC winding (called: work) 


® One DC winding (called: control) 


Their operation is based on the principle: we can act on the impedance of a coil by 
superposing to the alternative flux a continuous flux of control. 


The current controller works when the flow of the charger exceeds its nominal value. An 
increase of the flow limit the control current of the transducer 


Automatic Check of the Battery charger: 

The automatic check of the battery charger is carried out on the following points: 
» Loss of the Load voltage: 24 or 48 or 60 or 110 or xxx Volts 
» Breakdown of the fuses of the protective DC circuit 
» Loss of the AC 


» Ground fault either on AC or DC sides 


5.2.2. Dual system 


Rectifier 

Regulator 
Dual System means: the load (or charge) 
downstream of the ‘block Battery Charger + ied poe 
Battery Bank have to be supplied either by the Supply Distribution 
battery charger alone or by the battery bank 
alone. 


Battery 
Bank 


Figure 75: Dual system 


IH 


Description: 

This DC Power System is designed to supply DC 
electric power (Load Distribution) that is protected from abnormal occurrence on the 
public or ‘normal AC supply. The AC supply is used to power a rectifier in order to store 
energy in a battery to be used during a power cut. T 
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The equipment consists of two independent systems, AC supply and DC Load Distribution 
with (generally) a common distribution board. 


Each half system consists of two major parts; see Figure above Block Diagram, the 
Rectifier’ Charger and the Battery. 


Voltage delivered by the Voltage delivered by the 
Battery Charger 


Voltage Voltage 


Shortest 
amplitude 
~ 


Figure 76: Voltage delivered by the battery and by the charger 
The DC supply from the charger “tries” to be a pure quality DC, depending the quality of 
the rectifier / filters, wnen the voltage/Current delivered by the Battery itself is in a “pure” 
DC form. 
Rectifier/Charger: 
It converts the Primary AC supply to a regulated DC voltage, which charges the battery, 
powers the Load (or inverter in a UPS system). 


The Battery Charger must be calculated to be able to supply the full Load alone + 
Charge the Battery 


It operates as per the charging methods seen in the previous paragraph regarding the 
charge of the batteries, and in same time supply the Load. 


On some site (where Load have been added), after a shutdown, the Capacity of the 


Battery Charger is “borderline” and it has ‘difficulties’ to assume these dual 
functions 


5.2.3. Operating Modes 


It operates in three possible modes: 
» Float mode 
» AC supply failed mode 


» Charge and supply load mode 
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5.2.3.1. Float Mode 


Again, whatever strict warning said by the manufacturer, or the convinced practices 
done by the electrician, it is not the “Floating Voltage” which is important; it is the 
“Floating Current”. 


It concerns the batteries used on site (Lead/Lead and Ni-Cad), and remember what was 
said above, the lithium batteries do not need ‘Floating’. See paragraph 5.1.4., 
overcharging destroys lithium batteries 

Nowadays, the control system of the battery charger is adapted for the type of Batteries 
and regulates accordingly, but.... 


The ‘Float mode is the normal mode. It is a constant-voltage/current charge mode so 
battery charge current will tend to taper off to near zero as the battery becomes fully 
charged. 


The voltage chosen is that value at which the internal losses are compensated by the 
charge current into a charged battery. The battery is maintained fully charged with a 
“maintaining current” which remains below gassing values so that the rate of loss of 
electrolyte is negligible. 
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Figure 77: Float mode 
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5.2.3.2. AC supply failed Mode 


When the power to the charger is interrupted the charger stops and without any switching 
taking place or operator intervention the battery supplies the load. 


Rectifier 
Regulator 
AC All Load Distribution 
Supply supplied by Battery 
—_—_—> 
Failure AC — Battery 
Supply or Bank 


Charger / 
rectifier | 
Figure 78: AC supply failed mode 


5.2.3.3. Charge and load supply Mode 


Automatically selected when the AC supply is restored. Slightly higher constant voltage 
charge to recharge tile battery as per the principle seen in the previous paragraph (Rapid, 
Accelerated, Constant Current, Constant Voltage,....etc) and in same time supply the 
Load. 
It is why, you need an “intelligent” charger able to monitor voltage, current and timing for 
the Load and the type of charging required by the Battery 

Rectifier 

Regulator 


AC All Load Distribution 
Supply ane supplied by Charger 
—_—> 
Battery is charging in rapid, 
accelerated, normal,.... mode 


Figure 79: Charge and load supply mode 
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5.2.3.4. Battery Bank 


This stores energy from the charger to be used during a power cut when it will discharge to 
power the load. 


The autonomy of the system during a mains fail depends on the amp-hour capacity of the 
installed battery. 


AC or Charger 
Failure 


Float Voltage i Return of Charger ? 


> 


Low Voltage = Alarm . 


Low Low Voltage = Trip T 
$s —sh 


Figure 80: Battery bank 


5.2.3.5. Ventilation and Extraction 


Either for the Charger devices and for the Battery Bank, temperature is controlled by 
ventilation / extraction 


On the Charger/batteries cubicles all ventilation apertures must be kept free and clean. 
These systems can work (normally) in a continuous environment within 0 to 40°C 
temperature range, although, ideally the ambient temperature should be below 25°C. 


This value of 20/25°C is even more than recommended for sealed gel batteries which are 
very sensitive to high temperature (loosing Capacity). 


The heat can be removed from the equipment room by a forced cooling ventilation system 
or, alternatively, an air conditioning system. It is why you can find “heavy duty” Air 
Conditioning system in Battery Charger and UPS rooms 


The required air changes per hour will depend on the system rating, the heat loss and the 
cooling air temperature. 
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5.3. THE UPS FOR AC SUPPLY 


Just to know few “tricks” about it. It is a battery Charger completed by an Inverter and an 
automatic commutation system. The Load is an AC distribution towards mainly 
Instrumentation devices. 


Reserve Mains 


Electronic Sroars 
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Figure 81: Example of site application the ‘Chloride’ EXCOR Apodys single block system 
The EXCOR Apodys range shall include 1-phase or 3-phase output models 
The UPS shall automatically provide continuity of electrical power, within the defined limits 
and without interruption, upon failure or degradation of the AC source. The length of the 


backup time, i.e. autonomy time in the event of network failure, shall be determined by the 
battery capacity. 


5.3.1. UPS Synchronisation 


A panel operator often sees in his alarm list: “UPS out of synchronisation”. This has 
become a common alarm which is ‘always’ inhibited and even deleted....!! 


When putting in service (or return to normal supply), according to distribution configuration, 
either: 


UPS and network: UPS taking over in case of power failure 
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All UPS are equipped with a synchronisation module which acts with the same principle as 
for synchronisation of 2 generators. The only difference is that the AC out an inverter is a 
“reformatted” wave when the AC out an alternator is a perfect sinusoid. The UPS is 
watching permanently the network AC to adapt its own output to be exactly in phase, 
ready to take over without any “time break” 


Croup] 
d"onduleur 2 


Figure 82: UPS Synchronisation 


Synchronising 2 Inverters does not give (generally) problem; when it comes to synchronise 
Network and one Inverter, some ‘slight’ discrepancies occur in the shape of wave form or 
in frequencies. 


This is why the alarm “out of synchronism” appears (relatively) frequently. 


5.3.2. Back-up principle 


The equipment consists of four major parts (see. Block Diagram): 
» The Rectifier/ Charger 
» The Battery 
» The Inverter 


» The Static Switch (with the reserve AC supply and its by-pass). 
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Figure 83: Back-up principle 
In our application, UPS is used alone or doubled, one train of together the 
charger/inverter/battery being able to take the full Load 
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oe Figure 85: Double UPS 


Figure 84: Single UPS 
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5.3.2.1. Normal Operation 


S3 ~ 
Reserve AC Supply 


Static 


Inverter ; 
Normal AC Switch 


Load 
Distribution 


Figure 86: Normal back-up operations 


Load is supplied through the Charger, the Inverter, the Static Switch, S1 is closed 


5.3.2.2. Primary (Normal) AC supply failure 
\_ By-pass 
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Inverter 
Normal AC 


Supply 
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Distribution 


Figure 87: Primary AC supply failure 
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The reserve supply may or may not be available depending on the configuration of 
supplies into the UPS. The charger stops and the battery powers the inverter and hence 
the load. In this mode, the duration of operations depends upon the Capacity of the 
Batteries 


5.3.2.3. Reserve supply to Load mode 


S3 


Reserve AC Supply 


Normal AC 
Supply 
Load 
Distribution 


Figure 88: Reserve Supply to load mode 


Could have failed: the normal supply, the charger, the inverter, the Static Switch (partially); 
$1 and S2 are closed. The switching occurs automatically, it is the purpose (and the 
principle) of an UPS. 


If the failure comes from the inverter, the charger can still be on line charging the batteries 
in floating. 


Back to “Normal Operation” should occur also automatically, with all components in duty 
and in operation. Needs for reset or not, depending the configuration of the inverter. 
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5.3.2.4. Maintenance By-pass mode 
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Figure 89: Maintenance by-pass mode 


Load is supplied by the reserve supply directly through S3 switch. This operation is 
(generally) made manually for maintenance works. Back to normal operation requires as 
well manual intervention with step by step sub-operation and synchronisation through S2 
and S1 switches. 
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6. MAINTENANCE OPERATIONS 


The purpose of this section is to outline the duties and responsibilities for routine operation 
and care of all types of secondary set/rack of batteries 


It concerns the Battery Packs and Banks used on site, namely the Lead/Lead and Ni- 
Cad, sealed or vented, electrolyte acid or potassium, aqueous or gel batteries. 


6.1. MAINTENANCE OBJECTIVES 


There are three main objectives common to all Battery Management Systems (BMS). 
This is a general term which has to be interpreted as either a “manual” BMS using log 
book to record information or a “built-in” automatic history record in the battery 
charger/inverter system. 


» Protect the cells or the battery from damage 
» Prolong the life of the battery 


» Maintain the battery in a state in which it can fulfil the functional requirements of 
the application for which it was specified. 


To achieve these objectives the BMS may incorporate one or more of the following 
functions. (Follow the links to see how these functions are implemented.) 


6.1.1. Cell Protection 


Protecting the battery from out of tolerance operating conditions is fundamental to all BMS 
applications. In practice the BMS must provide full cell protection to cover almost any 
eventuality. Operating a battery outside of its specified design limits will inevitably lead to 
failure of the battery. Apart from the inconvenience, the cost of replacing the battery can 
be prohibitive. This is particularly true for high voltage and high power automotive batteries 
which must operate in hostile environments and which at the same time are subject to 
abuse by the user. 


6.1.2. Charge control 


This is an essential feature of BMS. More batteries are damaged by inappropriate charging 
than by any other cause. Refer to the previous chapter and remember that charging 
methods are different when batteries are different. 
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6.1.3. Demand Management 


While not directly related to the operation of the battery itself, demand management refers 
to the application in which the battery is used. Its objective is to minimise the current drain 
on the battery by designing power saving techniques into the applications circuitry and 
thus prolong the time between battery charges. 


For all our site applications, the Battery charger must be designed to supply the full load 
permanently regardless the charging/discharging of the batteries. 


6.1.4. SOC Determination 


Many applications require knowledge of the State of Charge (SOC) of the battery or of the 
individual cells in the battery chain. This may simply be for providing the user with an 
indication of the capacity left in the battery, or it could be needed in a control circuit to 
ensure optimum control of the charging process. It is why discharge tests are performed 
(also for SOH hereafter). 


6.1.5. SOH Determination 


The State of Health (SOH) is a measure of a battery's capability to deliver its specified 
output. This is vital for assessing the readiness of emergency power equipment and is an 
indicator of whether maintenance actions are needed. 


6.1.6. Cell Balancing 


In multi-cell battery chains small differences between cells due to production tolerances or 
operating conditions tend to be magnified with each charge / discharge cycle. Weaker cells 
become overstressed during charging causing them to become even weaker, until they 
eventually fail causing premature failure of the battery. Cell balancing is a way of 
compensating for weaker cells by equalising the charge on all the cells in the chain and 
thus extending battery life. 


The maintenance includes individual cell verification of voltage and SOH at least once a 
year 


6.1.7. History - (Log Book Function) 


Monitoring and storing the battery's history is another possible function of the BMS. This is 
needed in order to estimate the State of Health of the battery, but also to determine 
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whether it has been subject to abuse. Parameters such as number of cycles, maximum 
and minimum voltages and temperatures and maximum charging and discharging currents 
can be recorded for subsequent evaluation. This can be an important tool in assessing 
warranty claims. 


On site maintenance technician records all interventions, all checks / tests made on each 
set of batteries. Be sure that the values and information’s recorded on he log books are 
properly read and interpreted for action...... 


6.1.8. Authentication and Identification 


The BMS also allows the possibility to record information about the cell such as the 
manufacturer's type designation and the cell chemistry which can facilitate automatic 
testing and the batch or serial number and the date of manufacture which enables 
traceability in case of cell failures. 


6.1.9. Communications 


Most BMS systems incorporate some form of communications between the battery and the 
charger or test equipment. Some have links to other systems interfacing with the battery 
for monitoring its condition or its history. Communications interfaces are also needed to 
allow the user access to the battery for modifying the BMS control parameters or for 
diagnostics and test. 


6.2. GENERAL COMMON MAINTENANCE 


For the Lead-Lead and the Ni-Cad battery banks of our site (of all types) 
Each manufacturer gives its own maintenance recommendations but generally they do not 
include the hereafter operations. 


6.2.1. Cleanliness of battery bank 


Monthly: check for general cleanliness of the batteries, mounting rack and battery room or 
battery cubicles. 


Check for electrolyte leaks, cracks in cells and cover integrity and take corrective actions if 
needed. 


Check for corrosion at terminals, connectors, racks and cabinets. 


When checking Specific Gravity in the schedule of vented cells, clean the “breathing” 
orifice of each plug with a tiny diameter adapted steel wire. Clean as well the plugs 
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For VRLA cells with Safety plugs removable, this breathing orifice is on the downstream 
side of the ‘PSV’ type plug and should be cleared and clean. 


6.2.2. Inter-cells connections tightening and Resistance verification 


As per the site schedule, type of Cells and vendor recommendation (3, 6 or 12 month). 
See the specific schedule in the following paragraphs 


A) Numerate each Cell and each Inter-connection as per example hereunder 


Figure 90: Numeration of cells 
B) Measurement 


1°‘ Check (recorded in “As left Micro-ohms” column): using an accurate micro- 
ohmmeter, record the resistance of each connection on a form as per example under. 
The readings should be on the order of a few micro-ohms (less than 100). 


Schedule re-check: repeat resistance checks of the connections checked in step 
above and compare values. If any connection resistance has increased more than 20 
percent, clean, apply no-ox grease, retorque the connections, and retest. Fill out both 
"as found" and “as left" columns on form under 
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Note: Take the first reading between the connector (lug) and the cell post, then take 
readings between adjacent opposite polarity cell posts. Take the last reading between the 
last post and the connector lug 


Table 12: Record Table (connection resistance) for the battery bank example above 
Up to the “verificator’ or his Supervisor to edit the proper table 
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C) Recommended Method for Taking Annual Micro-Ohmmeter Readings across Battery 
Connections. 


Last Reading Intermediate Reading’s First Reading 


To Charger +4 To Charger 


Figure 91:Placement of meter probes for connection resistance measurements. 


Caution: Never place probes across a cell or cells (between positive and negative 
posts), with the meter set on ohms. The meter may be destroyed and arcing may occur 
at the battery. 


1. Make sure the battery is on float charge before beginning the readings. Obtain an 
accurate digital micro-ohmmeter, and set it to the lowest scale. 


2. On cell No. 1 take the first reading between the connector lug and the first post (see 
fig.). This reading will be the resistance between the post and connector lug 1and will be 
about one-half the middle readings. Record all readings on form 


3. Take the second reading between opposite polarity posts (not connectors) of cells No. 
1 and No. 2. Following readings will be between positive and negative posts of adjacent 
cells. These middle readings will include the resistance of two connections (one on each 
post) and the inter-cell lead (see fig.). These readings will be about double the first and 
last. 


4. Take the remaining middle readings as in step 4, proceeding from cell to cell. 


5. Take the last reading between the last post on the last cell and the connector lug as 
shown. 


6. If high resistance is found, take readings from each post to its connector to determine 
which of the two connections is bad. Mark this and all high-resistance connections for 
later repair. 


7. After readings are complete, disconnect the charger and loads from the battery. 
Caution: do not remove or make connections while current is flowing. Clean 


problem connections, retorque to manufacturer's specifications, and apply no-ox grease. 
Retest the repaired connections and record the resistance in the "as-left" column on form 
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6.2.3. Measurement of each cell voltage 


Voltage readings should be taken in accordance with the following instructions. 

Note: Accurate voltmeters are critical for extending battery life. Provide a digital 
voltmeter accurate to 0.01 volt reserved only for station battery duty and calibrate it or 
send it out for calibration at least once a year. This voltmeter must be treated with extra 
care; do not use a shop meter or electrician's general-use meter for battery voltages. 
A) Each Shift (Attended Stations) or During Routine Inspections (Unattended Stations) 


Check the voltmeter on the control panel to determine if the battery is being charged at 
the proper voltage. Adjust the battery charging voltage if necessary. 


B) Monthly 


With the charger in service, check the overall float voltage across the battery terminals 
with an accurate digital meter and record on form (example under 


Check the “designated pilot cell float voltage with an accurate digital voltmeter and 
record on form 


F) 3 or 6 Month 


Check the float voltage on all individual cells to the nearest 0.01 volt with an accurate 
digital voltmeter. 


Take these readings as rapidly as possible and record them on form. At the end of the 
yearly cycle, use these readings to determine the pilot cells for the next year. 
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add water prior to take readings. Specific Gravity measurement is added on this report 
form for wet cells, as the measurement should be done in same time 
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Table 13: Record Table (cell voltage) for the battery bank example above 
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6.2.4. Measurement of each cell internal resistance 


Internal resistance is a good indication of the state of charge and substitutes for specific 
gravity readings taken on flooded, wet cells. 


Measuring the internal resistance of a module monitors the two main failure modes-grid 
corrosion and dry out. The manufacturer's literature will list the normal expected values. 
This test should not be done until after the connection resistances of the cells are 
checked and repaired as in above paragraph. Elevated connection resistance will appear 
as internal resistance and make cells appear faulty. Internal resistance can be checked 
as follows: 


1. While the battery is fully charged and operating on float (nearly no current) or 
disconnected, check and record voltage and for the cell being tested. (VB) 


2. Apply a normal load across the cell. 
3. Again check and record the voltage and current. VL & IL 


5. The internal resistance can then be calculated by dividing the change in voltage by 
the change in current. 


Vi = VsB-ILR1a s per paragraph 2.6. 


Commercial test sets are available to measure internal resistance, which saves time and 
effort. Consider purchasing a test set if maintaining more than one VRLA battery. 


Perform the internal resistance check on each cell as per the specific maintenance 
schedule and compare the results with the initial records (at installation). Changes in the 
internal resistance of 20 percent or greater should be considered significant. Contact the 
battery manufacturer 
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Note: all readings are to be taken with the battery stabilised on float. For wet cells, do not 
add water prior to take readings. 


Table 14: Record Table (cell resistance) for the battery bank example above 
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6.2.5. Discharge Tests 


This is the “Battery Testing” to be done as per the specific maintenance schedule, 
generally once a year. 


6.2.5.1. Upon Installation 


Acceptance capacity testing should be performed within 1 week after the battery has 
reached equilibrium in charge and temperature. Operating temperature of the battery will 
greatly affect the available capacity, and manufacturer's data must be consulted for 
correction factors. Maintain accurate records of tests, including all equipment used and 
test results. These records can be used as baseline for later comparisons 


1. Conduct the test only after a connection resistance test has been performed as in 
above paragraph. 


2. Install an accurate ammeter, voltmeter, and temperature meters, and provide an 
accurate stopwatch or other means to indicate elapsed time. Minimum test time should 
be at least 1 hour. 

More time is recommended for critical applications and test accuracy, done generally at 
0.2C or 0.4C. 


3. Provide a variable load resistance so that constant current can be maintained equal to 
the rating of the battery for the selected test time. 


Example: for a 100Ah, 48V battery, | want to make the test at 0.2C 

It means 20 Amperes during 5 hours 

Resistance needed is R=U/I = 48 / 20 = 2.4 ohms 

Power of the resistance P=RI? = 2.4 x 20? = 2.4 x 400 = 960Watts (or 1kW) 


4. Disconnect the charger, connect resistance and meters 


5. Read and record individual cell/module voltages and the battery terminal voltage. The 
readings should be taken after applying the load at the beginning of the test. Repeat the 
readings at specified intervals and plan the test time long enough in advance to provide 
a minimum of five sets of readings. Caution: Take individual cell voltage readings 
between respective terminals of like polarity (positive to positive) so the voltage drop of 
the inter-cell connectors will be included. 


Record cells voltage values on a form like fro above paragraph. 


6 If an individual cell/module is approaching reversal of its polarity (zero volts) or a 
module voltage is (consequently) lower than the others, but the overall terminal voltage 
has not reached its test limit, bypass the cell/module and continue the test. Perform the 
bypass connection away from the cell/module to avoid arcing. A new minimum voltage 
based on the remaining cells should be established for the remainder of the test. 
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Consult the manufacturer and prepare to bypass cells in advance. The possibility of 
weak cells is high, especially as the battery ages. 


7. Maintain the discharge rate until the battery terminal voltage decreases to a value 
equal to the manufacturer's specified minimum voltage per cell (usually 1.75 volts for 
Lead) times the number of cells. 


8. Battery capacity can then be calculated by dividing the actual time to reach specified 
terminal voltage by the rated time to specified terminal voltage and multiplying by 100. 


6.2.5.2. Every six months and/or annually 


Perform a discharge capacity test with the same set-up and equipment as in step ‘A’ 
above. 


Perform every six months, after the battery falls below 90 percent of its original design 
capacity on the annual test. Replace the battery as soon as possible after it falls below 
80 percent of its original design capacity rating. 


6.2.5.3. Continuity Tests 


Continuity tests are performed on a non-routine basis, whenever the integrity of the 
battery is suspect. A VRLA cell typically fails open, and continuity through the cell is lost. 


This condition is not readily apparent. A quick check is to turn off both chargers and see 
if the battery will accept the load of the connected equipment. Another method is to place 
a test load across the battery and see if it will accept load. If cells/modules are connected 
in parallel, the load must be placed across individual cells/modules to detect an open 
circuit. Contact the manufacturer if further information is needed. 


6.2.6. Temperature Readings 


All cells of a battery should be at the same ambient temperature. Heat sources such as 
sunlight, portable heaters, etc. must be blocked so they do not raise the temperature of 
individual cells. 


Record the room ambient temperature before cell temperatures are taken. 


Note: An accurate infrared (IR) camera may be used for temperatures; however, the 
camera calibration must be checked at least once each year. If possible, take the 
annual temperature readings of the cells just after camera calibration. If the 
temperature spread of the cells exceeds 3 °C (i.e., upper rows are warmer) the room or 
cubicle ventilation may be inadequate. 


Training Course : EXP-PR-EQ160-EN 
Last Revision: 10/07/2007 Page 152 of 184 


Exploration & Production 
) Equipment 


Batteries 
TOTAL 


A. Monthly 
Record the pilot cell temperatures on prepared form 
B. Quarterly 


Record temperature readings of 10 percent of all the cells; rotate the subject cells each 
quarter. 


C. Annually 
If an accurate IR camera is available, take the temperature of the battery connections 
during a load or discharge test, i.e., while current is flowing. If one or more of the 


connections are loose or dirty, their temperatures will be higher than the other 
connections. 


6.2.7. Replacement of a cell 


If you have one cell faulty in the middle of xx cells in series already in service for 
months/years; it is far more advisable to just by-pass (and remove) this cell. A set of cells 
should have the same “age” in a bank. 


Once you have removed cells, adjustment of the different voltage (Charge rapid, 
accelerated, floating,...) have to be adjusted accordingly, not forgetting, once again, that is 
the maintaining current which is important and to be kept at 0.01C with charged lead, Ni- 
Cad, Ni-Mh batteries. 


Once several cells become faulty, problem is more serious, replacement of all bank cells 
could be overseen. 


6.2.8. Routine Operation Checks 


In resumé for all types of our “industrial” batteries. 


Daily check: 


» Check the “floating current” or “maintaining current” which is 0.01C for Lead 
or Ni-Cad batteries. 


» And if the unit is only equipped with a voltmeter showing the “Floating Voltage”, 
ask for a modification... 
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Weekly Checks: 
» Check all alarm and status indicators. 
m Check meter readings are normal. 


» Check the cause of any significant changes. For example, change in load, recent 
discharge 


Record all abnormal occurrences in the service log 


Monthly Checks: 
& Check ventilation apertures are clean and clear of obstructions. 
» Check ambient temperature 
» Check for availability of all safety equipment’s (battery room) such as neutralising 
solution, eye-wash facility, fire extinguisher (tested !), insulated tools. See Safety 
Chapter on that subject. 
Trimestrial Checks: 
® Check ventilation grilles 


» Visual check of electrical connections and component for signs of overheating or 
corrosion. Rectify as necessary. 


» Check painted and plated components for signs of damage or corrosion. Rectify 
as necessary 

Yearly Checks: 

» Carry out a test discharge of the battery for the specified autonomy. 
Note: The test should be carried out at a time of low risk and followed immediately by a full 
recharge. Consult the battery manufacturer's instructions for guidance on frequency of 
testing, depth of discharge etc. 
Extra Checks: 

» Fans are rated for a 5 year life. It is recommended that fan failures be pre-empted 


by renewing them after four years. It concerns Fans in UPS / Battery Charger in 
cubicles and Extractor Fan of Battery Rooms. 
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6.3. SPECIFIC BATTERY MAINTENANCE 


6.3.1. Lead-Acid vented and aqueous 


6.3.1.1. Flooded, Wet Cell Lead Acid Battery - Maintenance Schedule 


Visual inspection. 
(6.2.1 & 6.2.8) 


Battery Floating 
conditions 


Cells Floating 
Conditions. (6.2.3.) 


Specific Gravity 
Readings (under) 


Temperature 
Readings 


Connections 
Resistance. (6.2.2.) 


Battery Testing 
(6.2.5.) 


Safety Equipment. 
(Chapter 7) 


All Cells 
with digital 
meter 


All Cells 


All 
Connections 


Acceptance 
Capacity 
testing 


Panel 
meters 


As per 
6.2.1.abov 
e 


+ Digital 
meter 


Pilot cell 
with digital 
meter 


Pilot Cells 


Pilot Cells 


All safety 
equipment 
in room 


Compare 
Panel 
meter with 
digital one 
All Cells 
with digital 
meter 
10% of all | aicells 
Cells 
10% of all 
Cells 
All 
Connections 
Annual If 5 Capacity 
Year < Discharge 
90% Test 


Table 15: Maintenance schedule flooded, wet cell lead acid batteries 


Refer to the previous chapter ‘Common Maintenance’ for details 
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Once a month check electrolyte level and top up above the plates with “pure” (or distilled) 
water. 


6.3.1.2. Appearance of normal cell 


Edges of positive plates do not give much information. Edges of negative plates should be 
uniformly grey; they should be examines with a non-metallic flashlight for sparkling from 
lead sulfate crystals. Correct float charging will cause no lead lead sulfate crystals. 


6.3.1.3. Specific Gravity test (every 6 months 


Specific gravity readings of vented lead-acid batteries must be taken in accordance with 
the following instructions. Note: All specific gravity readings must be corrected to 25°C 
before recording (see *). 


Do not attempt to take any specific gravity reading after adding water to a cell. The 
electrolyte takes several hours to mix after water is added. 


* Specific gravity of electrolyte must be corrected for temperature. Subtract one point 
(0.001) from the specific gravity reading for each 3 °F (1.66°C) the temperature is 
below 77 °F (25°C), and add one point (0.001) for each 3 °F the temperature is above 
77 °F (25°C). The recommended specific gravity spread between all cells is 0.010. 

A. Monthly 


Take the specific gravity reading of the pilot cell and record it on a form. 


B. Quarterly 

"Take specific gravity readings of 10 percent of the total number of cells and record them 
on a form. Rotate these cells so that readings are taken on different cells each quarter. 
C. Annually 


Take specific gravity readings of every cell and record them on a form. 


D. After Equalizing Charge 


About 15 minutes after heavy gassing stops, take the specific gravity readings of every 
cell and record them on a form. If two cells with the lowest specific gravity (checked over 
the last one-eighth of the charging period) have not stopped rising, continue the 
equalizing charge. 
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Method for tagging the Specific Gravity: 
(See paragraphs 2.7.2. and 2.7.3. ) 


The specific gravity of the battery electrolyte (SG) 
measurement requires the use of a temperature 
compensating hydrometer. 


You must first have the battery fully charged. The 
charge must be disconnected before testing and the 
battery must have been sitting for at least several 
hours, then you may begin testing. 


Figure 92: Hydrometer | 


A fully charged Lead-Sulphuric Acid battery has SG of 1.255 to 1.280. Fully discharged 
batteries have a SG between 1.110 and 1.130. 


Hydrometer SG readings should not vary by more than 0.01 to 0.05 (as per manufacture 
data’s) between cells. Note that the SG of sealed Lead Acid Battery cannot be measured 
unless the battery has a built in hydrometer. 


Most well designed maintenance free batteries have a built in hydrometer that measures 
the SG of cell 1 of 6. However, it is possible to get a good reading from cell 1 and have a 
problem with other cells in the battery. 


The sulfation of battery grids starts when the specific gravity falls below 1.225 or the 
voltage measures less than 12.4 (12v Battery) or 6.2 (6 volt battery). Sulfation hardens the 
surface of the battery plates reducing and eventually the battery’s ability to discharge and 
be recharged. 


6.3.2. Lead-Acid sealed VRLA / AGM / GEL 


6.3.2.1. General 


Valve regulated lead-acid batteries (VRLA) are usually manufactured in multi-cell blocks, 
(called modules) rather than single cells. The cases are often made of ABS plastic 
material and do not permit visual inspection of plates or electrolyte levels. 


They are called starved electrolyte or absorbed electrolyte cells and operate under a 
positive pressure. The hydrogen and oxygen are not expelled but recombined. 
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Cells are sealed and require no water addition or specific gravity readings. These cells 
are typically lead calcium pasted-plate type cells with the electrolyte retained in gel or 
fiberglass mats. 


These batteries are normally used for emergency lighting, telecommunications, and other 
uninterrupted power supply (UPS) service. They are best applied where long slow 
discharges are needed. Heavy short discharges required for breaker operations are not 
recommended for this type battery. 


The life has been found to be only 18 months to 10 years in actual service. 


These cells are not flooded and do not effectively dissipate heat. This characteristic 
can lead to thermal runaway if ambient and battery temperatures are not carefully 
controlled. 


Cases have occurred in which the battery has burst into flame. 
Maintaining the cells as close as possible to 25 °C is imperative. 


Ambient temperature should be maintained as close as possible to 22°C. Air circulation 
must be sufficient to eliminate any ambient temperature differences. The maximum cell 
temperature spread (hottest to coldest cell) should not exceed 3 °C, and the hottest cell 
should not be more than 3°C above ambient. 


Colder temperatures reduce capacity, and higher temperatures greatly reduce service 
lie. About 50 percent of the service life will be lost for every 10 °C above 25°C 


Do not allow sunlight or other heat sources to raise the temperature of individual cells. 
These cells are not recommended for station service because of these characteristics. 
VRLA modules/cells are typically shipped fully charged and do not require initial charge. 


And do not be surprised if you have problems on site with this type of battery witha 
non adapted maintenance 
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6.3.2.2. Valve Regulated Lead Acid Battery / Gel - Maintenance Schedule 


Visual inspection. 
(6.2.1 & 6.2.8) 


General 
Inspection 
Battery Floating Panel + Digital 
conditions meters meter 
All Cells Pilot cell All Cells 
with digital with digital with digital 
meter meter meter 
Tempe tatute All Cells All Cells 
Reading 
All Cells 
Internal Resistance. 
(6.2.4.) All Cells All Cells 
Acceptance Capacity (Discharge) 
Battery Testing Capacity Test. 6 month if 1 year< 
testing 90% 
Safety Equipment. ml safety 
(Chapter 7) a 
in room 


Cells Floating 
Conditions (6.2.3.) 


Connection 
Resistance. (6.2.2.) 


All Cells 


Table 16: Maintenance Schedule valve regulated lead acid battery 


Training Course : EXP-PR-EQ160-EN 
Last Revision: 10/07/2007 Page 159 of 184 


Exploration & Production 
@) Equipment 


Batteries 
TOTAL 


6.3.3. Nickel-Cadmium vented aqueous (Acid or Potassium) 


6.3.3.1. Vented Nickel-Cadmium Battery — Maintenance Schedule 


Visual inspection. ae 
(6.2.1 & 6.2.6) paragraph 
Battery Floating Panel + Digital sens : ps ‘i 
conditions meters meter Amp metee 
' All Cells Pilot cell 
Cale Fleatng with digital with digital 
Conditions meter meter 
Specific Gravity : 10% of all 
Readings (under)* All Cells Pilot Cells Cells All Cells 
Temperature Pilot Cells 
Reading 
Inter cell Lei a Re-torque 
Connection. (6.2.2.) (aL all Cells 
a Capacity (Discharge) 
Battery Testing aaa Test. 1 year if 5 year< 
testing after 90% 
1 week ° 
Safety Equipment. ere 
(Chapter 7) mrosn 


Table 17: Maintenance schedule vented Nickel-Cadmium batteries 
* Electrolyte Level: At lest once a month check electrolyte level and top it. 
Cells lose water through natural evaporation and when gassing on equalizing charge. 
Always keep the plates covered with electrolyte. 


Serious damage will occur if the plate tops are exposed to air. 
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6.3.3.2. Electrolyte of Vented Nickel-Cadmium Battery 


The electrolyte solution in nickel-cadmium batteries consists of purified caustic potash 
(KOH potassium hydroxide) and other salts in distilled water. Liquid electrolyte should be 
stored in a clean, glass, or porcelain container. The electrolyte will readily absorb carbon 
dioxide from air to form potassium carbonate. This process will temporarily lower battery 
capacity. Electrolyte must therefore be stored in airtight containers. 


The specific gravity of electrolyte does not change with state of charge but remains 
almost constant on charge and discharge. The average specific gravity of a normal cell 
will be about 1.190 at 22 °C; however, in servicing a battery, always refer to the 
manufacturer's recommended specific gravity range. The specific gravity range for ni-cad 
cells has limits. Below 1.200, the resistivity begins to increase rapidly, making cells 
sluggish, and the lowest electrolyte density is usually set at 1.170. High concentrations 
are damaging because of the increased solubility of the electrodes, especially at higher 
temperatures. Concentrations much higher than 1.1.70 also result in increased 
resistivity. The proper density of the electrolyte is a compromise held within narrow limits. 


The freezing point of electrolyte with a specific gravity of 1.190 is about -10 °F, at which 
the solution forms a slush but will not freeze solid. If the battery will encounter 
temperatures colder than -10 °F, specific gravity is usually raised to 1.230 for protection 
to -40 °F. Always consult the manufacturer before attempting to change the specific 
gravity of electrolyte. 


6.3.3.3. Electrolyte Level 


Monthly 

Check the electrolyte level in every cell during the visual inspection. The level can be 
observed by looking closely at the cell. Cell cases are typically (normally...) translucent, 
and the electrolyte level can be seen through the cell case. 

When electrolyte level is low, add distilled water to the proper height but do not overfill. If 
cells are overfilled, the electrolyte may be forced out of vents on charge. This condition 
can cause electrolysis between the cells, corrosion of the cell containers, and grounds in 
the electrical circuit. The maximum level of the electrolyte is halfway between the tops 
of the plates and the inside of the cell covers. 


To retard natural evaporation, pure mineral oil should be floated on the electrolyte in 
each cell. All cells should be checked annually for adequate oil depth, (about 0.6 mm). 
See manufacturer's instructions for the recommended oil type and depth. 


6.3.3.4. Specific Gravity Readings 


Specific gravity readings are only needed every 5 years to determine if the electrolyte 
needs to be replaced. 

When taking a hydrometer reading, squeeze the bulb before inserting, insert the nozzle 
to the top of the plates, then release the bulb. This procedure will avoid introducing air 
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bubbles and prevent floating oil from being drawn into the barrel. The sample should 
always be returned to the cell from which it was taken. Wash out the hydrometer 
thoroughly with distilled water. Electrolyte remaining in the hydrometer absorbs carbon 
dioxide from the air, forms a coating, and causes false readings. 


Specific gravity changes with temperature, and if the electrolyte temperature is different 
from 25 °C, add 0.001 to the reading for every 2 °C above 25 °C. Subtract 0.001 for 
every 2 °C below 25 C. 


Do not take specific gravity readings when gas bubbles are visible in the electrolyte. 
False readings will result unless the bubbles are allowed to dissipate. Specific gravity 
readings cannot be taken on cells just after adding water; the readings should be 
delayed until mixing has occurred. 


Do not try to maintain a single supply of distilled water for serving both Ni-Cad and lead- 
acid batteries. Water will become contaminated with traces of sulfuric acid from the filler 
bulb by the transfer between lead-acid cells and the water container. 

A separate supply of distilled or approved mineral water, used only for nickel-cadmium 
batteries, is necessary. Provide a separate hydrometer that is used exclusively for 
testing nickel-cadmium cells. 


6.3.3.5. Electrolyte Renewal 


This is the particularity of wet Ni-Cad battery. Each Cell can be drained of its electrolyte 
and a new one, of same type, same concentration can be refilled. And back to a new (or 
almost new) battery. 


Specific procedure, available in all manufacturers maintenance booklet is to be followed 
for that purpose. 


6.3.4. Nickel-Cadmium sealed VRLA / GEL 


Consider the same general and specific maintenance as for the Lead-Acid VLRA / Gel 
battery as the electrolyte is not accessible. 
However the battery is not suitable for fast charging. 
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6.4. TROUBLESHOOTING BATTERIES 


6.4.1. Common Problems 


The following problems, most of which can be controlled by the user, are the most 
common causes of premature system failure, 


Post seal leakage. 
A leaky post seal allows electrolyte to migrate up to the post/inter-cell connection area and 
cause a connection problem. 


Loose inter-cell connections. 
Improperly tightened inter-cell hardware means very high resistance connections. 


Low float voltage. 

This causes sulphate crystals to form on the plate surfaces. Sulphate crystals that harden 
over a long period of time go back in solution when proper voltage is applied and therefore 
cause permanent loss of capacity. This problem shows up as an increase in cell 
resistance. 


High float voltage. 

This causes excessive gassing of hydrogen and oxygen, and this leads to loss of water in 
the flooded cells, causing dry out and potential thermal runaway in VRLA cells. High float 
voltage also causes shedding of active material from the positive plates. All of these 
problems increase the internal resistance of the cell. 


Low temperature. 

Battery capacity is diminished at low temperatures. (At 17°C, capacity is approximately 
90%). At low temperatures, a higher float voltage is required to maintain full charge. If the 
charger is not adjusted properly, cells may be undercharged, leading to the problems 
described under low voltage. 


High temperature. 

This causes loss of battery life. (Life is cut in half if operated at greater than 92° F). High 
temperature also increases float current, which results in loss of water in flooded cells, and 
dry out and thermal runaway in VRLA cells. These problems lead to increase of cell 
resistance. 


Discharge without recharge. 
A fully discharged or nearly fully discharged cell will be damaged and possibly ruined if not 
recharged within 24 to 48 hours. 


Over discharge. 

This causes abnormal expansion of plates, which can lead to permanent damage and 
recharge problems. This can happen in lightly loaded UPS systems that experience an 
extended power outage. 
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Electrochemical resistance increase. 

An increase due to the problems in the paste and electrolyte. This failure causes the cell to 
run out of “fuel” and become incapable of delivering rated capacity. 

Metallic resistance increase. 

The more serious and dangerous of the two resistance problems. A high metallic 
resistance means a problem in the conduction path, which leads to a catastrophic failure, 
such as an explosion or a total loss of the current carrying path. The metallic resistance 


problems can lead to abrupt failures, causing potential harm to equipment and personnel, 
not to mention loss of power 


6.4.2. Lead Acid Vented Battery Problems 


A. Lack of Gassing 


Lack of gassing while on charge may indicate an internal short between plates, i.e., the 
cell discharges internally as fast as it is being charged. 


B. Specific Gravity or Voltage 


Specific gravity or voltage of a cell lower than other cells is an indication of excessive 
internal losses and may result from consistent undercharging. 


C. Color 
Color or appearance of plates or sediment different from other cells is addressed below: 


1. Patches of white lead sulfate on either the positive or negative plates: caused by 
standing idle or undercharging for extended periods. 


2. Antimony deposit dark-slate patches on negative plates (usually near the terminal) : 
caused by charging at too high a rate or an aged cell nearing the end of its service life. 


3. Top layer of sediment white: caused by undercharging. 
4. Lumpy brown sediment: caused by overcharging. 


5. All white sediment no visible layers: caused by overcharging after prolonged low float 
voltage. 


6. Large flaking on the inter-plate collector bar: caused by being on float charge for 
extended periods at insufficient float voltage without equalizing charging being 
performed. 
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D. Plate Problems 


If any checks below are excessive, capacity tests must be run to determine if individual 
cells or the entire battery should be replaced. 


1. Cracks on the edges of the positive plate grids. 


2. Light-colored sulfating spots on edges of plates below cracks mentioned in check No.1 
above. 


3. Excessive sediment in the bottom of the case. 


4. Mossing” or “treeing” on the tops of negative plates. 
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6.5. MAINTENANCE FORMS 
Hereafter, 5 forms as example for “your” Batteries surveys 
VALVE REGULATED LEAD-ACID BATTERY CONNECTION 
AND INTERNAL RESISTANCE ANNUAL REPORT 


Date: Battery Location: Battery Type: 


Note: Take the first reading between the connector (lug) and the cell post, then take readings between adjacent opposite- 
polarity cell posts (Caution: not across a cell). Take the last reading between the last post and the connector lug (see 
section 1.6). For internal resistance data, use the left-most number in the column as the cell number. 


Meter Probes | As-Found As-Left Internal Meter Probes | As-Found Internal 
Between: Micro-ohms | Micro-ohms | Resistance Between: Micro-ohms | Micro-ohms | Resistance 
lug & #1 post no data 30-31 
posts/cells 1-2 31-32 
posts/cells 2-3 32-33 
ditto 3-4 | 33-34 
etc. 45 | 34-35 
5-6 i 35-36 
6-7 [ 36-37 
7-8 Tt. 37-38 
8-9 38-39 
9-10 39-40 
10-11 40-41 
142 f 41-42 a i. 
12-13 42-43 
13-14 i. Se 43-44 
14-15 44-45 
15-16 | 45-46 
16-17 46-47 
17-18 | . ae 47-48 
18-19 48-49 
19-20 49-50 
20-21 a 50-51 
21-22 §1-52 
22-23 §2-53 
23-24 53-54 
24-25 54-55 
25-26 55-56 
26-27 56-57 
27-28 57-58 
28-29 58-59 
29-30 59-60 
#60 post & lug 


Print name: Signed: 


Figure 93: Example of battery survey form (1) 
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FLOODED LEAD ACID BATTERY CONNECTION RESISTANCE ANNUAL REPORT 
Date: _ Battery Location: _ Battery Type: 


Note: Take the first reading between the connector (lug) and the cell post, then take readings between adjacent 
opposite-polarity cell posts. Take the last reading between the last post and the connector lug (see sec. 1.6). 


Between Micro-ohms Micro-ohms Between: Micro-ohms Micro-ohms 
lug&No.ipost | | Td ™:~=<~wSC“‘CSC*S 
Posveells 12 [| «d a 
ec 
oc 2 ee a C= 
2 ne a | = 

a (gee Re a 

7 en ee ee ce ee 

er Sa SO Oe 

jes a ee eo es 

10-11 40-41 Sk 

es ees ee ee ee el 

Dadian 

wie a 

a 

ic a eee 

CE eee 

aed a (= SR (=e ee i | 

19-20 ee ee 

20-2 en ae nee 

21-22 Sa en ed ee 

22.3 (eae eee 

23-24 fie Ses eee 53-54 

35.36 

26-27 — 56-57 el 

77-28 ost ee 
= aa eee (I 

A 

fepotehs | iP 

Print name: Signed: 


Figure 94; Example of battery survey form (2) 
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FLOODED LEAD-ACID BATTERY MAINTENANCE REPORT 


Battery Location: 
Battery Details: 


cells, type 


Battery Charger: Manufacturer Model 


Date Installed: 
Average Specific Gravity: 


Pilot Cell No. (Rotate yearly). Correct specific gravity readings for temperature. 
NOTE: all readings are to be taken with the battery stabilized on float. Do not add water prior to taking readings. 


Monthly Readings 


Quarterly Readings 


Liquid : ie Date 
Charging Between Pilot Cell Readings Cell | Volts | Sp.Gr. | Cell | Volts | Sp. Gr. 
D Max. Ambient 4 31 
ate =i 
: And Temp. t 
Terminal | Change Min Waite | Tam Sp. 2 32 
Volts | Current , 2 Gr. 3 33 
| | | me) a 34 
5 35 | : 
6 36 
fi 37 | 
Corrective Actions 8 38 
9 39 
Water addition to: (circle cell numbers at right) | 10 40 Stee 
Date: | Quantity Added (total): 11 41 
Equalizing Charge, why given 12 42 
Date: | Voltage: Duration: 13 43 [ 
Date: i Voltage: | Duration: 14 44 
15 45 
Monthly Visual Inspection: 16 46 
Indication (provide comments for each “NO” answer YES NO 17 47 
Positive plates dark brown/free from sulfur crystals? 18 i 48 
Positive plates & internal hardware free from flaking? 19 49 
Terminal post seals OK? 20 50 
Vents, flame arresters, dust caps, OK? i 21 51 
Connections free from corrosion? 22 52 
Cell jars in good condition? - 23 53 
Rack in good condition/free from corrosion? | 24 54 
Ventilation fans and vents working? a 25 55 | 
Insulated tools available, good condition? 26 56 
Hydrometer, in good condition? 27 | 57 
Goggles, face shield, gloves, apron available? 28 58 
Minimum 1-gallon labeled soda solution 29 59 
Eye wash, body spray, clean and working? 30 60 H 
Class C fire extinguisher available and inspected? 
Circle one in each column Cell Temps; of 10% of cells; rotate each quarter 
Sediment Negative Plates Grids # # # 
Fine Scarce Brown Dark Mossy tops Distorted # are # ae # 
Coarse Medium Gray Medium Clean Cracked — ———— | = ary 
Lumps Excessive White White Spots Good 


Comments: (put additional comments on back) 


Name: (print) Signed: 


Figure 95: Example of battery survey form (3) 
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Period: _ sito 


VALVE REGULATED LEAD-ACID BATTERY MAINTENANCE REPORT 
Battery Location: Date Installed: 
Battery Charger: Manufacturer Model 


Pilot Cell/Module No. (Rotate yearly). Average Module Volts 
NOTE: all readings are to be taken with the battery stabilized on float. 


Monthly Readings Quarterly Readings 


Charging | Pilot Cell Readings ee | Date | 
Date mibient Cet! | volts | Temp | Cent | Voits | Tem 
Heres Vote | Temp iste aa sie a a 
{_ r a 
re 2 32 
el | a E 
— ig 
5 35 
Corrective Actions 6 36 
_ Date: j 7 | 37 
Equalizing Charge, why given: 8 | 38 
Date: Voltage: Duration: 9 a 39 
Date: Voltage: : Duration: | | 10 | 40 
; 11 | 41 
12 | 42 
Monthly Visual Inspection: 13 | 43 
Soe et 6 a 14 | 44 
Indication (provide comments for each “NO’ answer YES NO 15 [ | 45 [ [ 
Terminal post seals OK? 16 46 
Connections free from corrosion? ae. 47 
Cell jars in good condition, no leaks? 18 | 48 | 
Rack in good condition/free from corrosion? | | __19 49 | 
Ventilation: fans and vents working? 20 50 
Insulated tools: available, good condition? | 21 L 51 | 
Goggles, face shield, gloves, apron available? 22 52 
Minimum 1-gallon labeled soda solution 23 53 | 
Eye wash, body spray, clean and working? 24 54 I 
Class C fire extinguisher available and inspected? 25 | 55 
26 56 
Notes: Ceil voltage should be average voltage + or - .03 volts? 27 57 7 
Cell temperatures should be no more than 5°F above ambient? 28 7 | 98 
29 59 
[ 30 60 


Comments: (put additional comments on back) 


Name: (print) Signed: 


Figure 96: Example of battery survey form (4) 
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NICKEL-CADMIUM BATTERY MAINTENANCE REPORT 
Battery Location: Date Installed: 
Total number cells: , Pilot Cell No. (Rotate yearly). 
Battery Charger: Manufacturer Model 
NOTE: all readings are to be taken with the battery stabilized on float. Do not add water prior to taking readings. 


Monthly Readings 6-Month Readings DATE: 
Pheraing ee let el Reauinge Ambient Cell Voits Cell Volts 
Date | Terminal | Change Max. Temp. 
Volts Current | And Min. i Volts Temp. 1 34 
[ 1 [ 2 [32 
a 3 33 
| | | 4 34 
x | all 5 35 
| 6 | 36 
[ i i 37 
8 38 ii 
Corrective Actions | 9 39 | 
10 40 | 
Date: | 11 | 41 
Equalizing Charge, why given: 12 42 
Date: [ Voltage: Duration: 13 | 43 
Date: _| Voltage: Duration: 14 | [44 
15 45 
Z| e 
16 46 
Monthly Visual Inspection: 17 (ae 
18 | 48 | 
Indication (provide comments for each “NO” answer YES NO 19 49 
Terminal post seals OK? 20 50 | 
Vents, flame arresters, dust caps, OK? | 21 | | 51 
Oil depth in cells about 1/4"? 22 iz Ms 52 
Connections free from corrosion? 23 53 
Cell jars in good condition no leaks? | 24 ik 54, | 
Rack in good condition no leaks? 25 55 
Ventilation: fans and vents working? 26 56 |. E 
Insulated tools: available, good condition? 27 57 
Goggles, face shield, gloves, apron available? 28 58 7 
Minimum 1-gallon labeled boric acid solution? | 29 a | 59 
Eye wash, body spray, clean and working? 30 | _|[| 60 
Class C fire extinguisher available and inspected? ANNUALLY retorque all electrical 


connections to manufacturers specs. 
date Completed 


Comments: (put additional comments on back) 


Name: (print) Signed: 


Figure 97: Example of battery survey form (5) 
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7. SAFETY WHEN WORKING WITH BATTERIES 


7.1. INTRODUCTION TO SAFETY WITH BATTERIES 


When working with Batteries in Battery-room or in Uninterruptible Power Supplies (UPS) 
cubicles, it is important that the Personnel is aware of the inherent dangers that may occur 
on this type of equipment. 


The aim of this chapter is to describe these dangers and the necessary precautions that 
must be taken to ensure safe working practice. 


IMPORTANT NOTE: 


Ensure that each section in this chapter has been read and fully understood before 
carrying out any task on Batteries or UPS / Battery Charger Equipment. 


The safety precautions for both batteries and UPS are dealt with, separately 
There are two main types of lead-acid batteries which may be used in UPS applications: 
» Open - vented 
Sealed or Valve Regulated VRLA 
The open vented battery requires regular routine maintenance and is usually sited in a 
separate battery room. Using older technology, it has a wet cell construction and requires 
different safety considerations. 
Sealed VRLA batteries are self contained more environmentally friendly (apparently) and 


do not need the same level of maintenance as open vented batteries, however many of 
the Safety Precautions still apply. 


7.2. WORKING WITH BATTERIES 


Batteries contain acid and lead. Individually they operate at fairly low voltages, but hold 
very large amounts of power (high current capacity). When connected in a series and / or 
parallel string, voltage and current may be substantially increased to dangerous levels. 


Battery safety is strait forward but very important. When working around batteries, keep in 
mind that they can be very dangerous when improperly treated. 
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7.2.1. Battery hazards 


The following hazards have the potential to cause harm or damage to personnel or 
equipment. 


7.2.1.1. High DC Voltage 


Batteries when connected in a series string may have DC voltages in excess of 400V DC. 


7.2.1.2. Electric Shock 


Batteries have the potential to give serious electric shocks due to their high voltage and 
Capacity. 


7.2.1.3. Short Circuit Terminals 


Connecting the two posts together on one battery, or the wrong posts together on multiple 
batteries, can cause a short circuit. A short circuit in a battery causes it to try to discharge 
completely, very quickly. These high current levels can cause serious burns, can cause 
the battery to rupture or explode, causing severe injury, and possibly death. 


7.2.1.4. Electric Arc if short circuit 


It is possible to draw a considerable arc from a battery even if it has a low terminal voltage, 
if a short circuit is applied. This could result in a serious burn. 


7.2.1.5. Acid Spillage 


Although the acid found at the top of the battery will typically not cause immediate damage 
to unprotected skin, it is best to avoid contact, or if contact occurs, immediately wash the 
exposed area with soap and running water. 

Acid spillage is also possible if a battery casing is damaged or cracked. 


7.2.1.6. Acid Burns 


Battery acid will eat holes in clothing (only evident after washing), and similar to other 
household chemicals, can cause blindness or severe eye damage. 
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7.2.1.7. Hydrogen Gas 


Batteries give off hydrogen gas when they are being charged, and are nearly full. 
However, it is always possible that a hydrogen gas bubble is trapped between battery 
plates and is released later. 


7.2.1.8. Explosion Risk 


If there is a degradation or failure in the ventilation of 
the battery area, a build up of hydrogen (a highly 
volatile gas) could occur. If this situation is allowed to 
persist there is a risk of explosion. 


Figure 98: Exploded battery 


7.2.2. Safety Precautions 


Always observe the following precautions when working on batteries. 


7.2.2.1, General 


» Before working on batteries, ensure that the battery string is isolated from the 
charger usually by removing the fuses or tripping the battery circuit breaker. 


» When removing a battery always disconnect the battery positive (Earth) 
connection first. 


» When installing a battery always connect the battery positive (Earth) connection 
last. 


» Do not smoke or have any other flames or sparks near the batteries. 
» Ensure that the place of work is kept well ventilated at all times. 
» Do not clean batteries with dry cloths. 


» Batteries are heavy, observe the correct lifting techniques when handling or 
transporting batteries. With weights above 24 kilos lifting aids should be used. 
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7.2.2.2. Safety Clothing 


» Wear safety glasses or a safety face screen/shield 
associated with the helmet. If your personal glasses 
have metal frames, either wear an elastic glasses 
retainer strap, or remove the metal framed glasses 
and substitute plastic framed safety glasses. 


Figure 99: Safety face screen 


» Always wear appropriate safety clothing, gloves an 
apron or old clothes. 


» When handling electrolyte, wear face shields (face shields should not have metal 
reinforcing rims, which could cause a battery short if dropped), rubber aprons, and 
rubber gloves (like in kitchen for dish washing); avoid splashes. 


» Remove all watches and other metal jewellery. For avoiding metal contact 
between batteries poles but as well to avoid spill of acid on your “family gift’. 


» Wear electrically certified rubber gloves when making final battery connections. 


7.2.2.3. Safety Tools 


» Always use insulated tools and never allow terminals to be connected together 
inadvertently. 


ty @ 3 


Figure 100: Safety tools 


Not insulated tools in contact with battery posts could behave like « fuse ». You 
would be surprised to see it! And it would be (also) better to not have your hands 
(even with gloves) in the next proximity; the arcing is impressive on high Capacity 
Batteries. 
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» Ensure tools are small enough that they cannot easily contact and short battery 
terminals. Use always adapted tools, ban the adjustable wrench !! 


& Always tighten battery terminal bolts with an appropriate torque wrench. Do not 
over tighten. 


7.2.2.4. Acid, Electrolyte Spillage 


The electrolyte is injurious to skin and clothing and must therefore always be handled 
carefully. 


15. Avoid contact with battery acid, or if contact occurs, immediately wash the exposed 
area with soap and running water. Do not use bicarbonate of soda on the skin, which may 
aggravate the burn. 

The eyes in particular should be guarded. If acid is splashed into the eyes or anywhere on 
the skin, flood with water for at least 15 minutes and get medical attention. 


16. Ensure that an acid neutralising solution is available at all times. 

Sodium Carbonate Anhydrous (Soda Ash) is provided for this purpose. 

For neutralization of acid electrolyte spilled on the floor or rack, a bicarbonate of soda 
solution (120 g per litre of water) is recommended. 

When mixing acid always add acid to water and not water to acid. 


For neutralization of Ni-Cad battery electrolyte (potassium hydroxide), keep a concentrated 
solution of 150 g of boric acid powder per litre of water available for neutralizing spills on 


skin or clothing. Use plain water to wash up spills of potassium hydroxide on the cells or 
racks. 


7.2.3. Battery Hazards 


Keep battery terminals clean and covered with petroleum jelly to prevent terminal 
oxidation. 


7.2.3.1. Explosive Hazard 


All storage batteries give off a highly explosive mixture of hydrogen and oxygen when 
gassing. 


Therefore, never permit sparks, open flame, lighted cigarettes near a storage battery 


Post "No Smoking" signs where they are clearly visible to anyone entering the battery 
room area. 


A non metallic flashlight (Ex type for use in explosive atmosphere) is mandatory for battery 
inspection. 
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Use only alcohol thermometers when taking electrolyte temperatures. 

Keep all battery connections tight to avoid sparking. 

Never lay any metallic object on top of a battery. 

A class C, 4.5-kg fire extinguisher should be mounted just inside the battery room door. 
Carbon dioxide (COz) is not recommended because of the potential for thermal shock to 


the batteries. 


Extractor / Ventilation to equip the battery room or the cubicle. 


7.2.3.2. Flame arrestors — purpose and cleaning 


Each vented battery cell has to be equipped with a flame arrester designed to prevent 
destruction of the cell attributable to an ignition of gases outside the cell. 

The diffuser material of flame arresters can become partially clogged from electrolyte 
spray if cells are overfilled with water or have been excessively overcharged. 


Flame arresters should therefore be inspected annually, and all arresters having clogged 
pores should be replaced or cleaned as follows: 


1. Immerse the flame arrester several times in fresh water in a plastic bucket. 

2. Eject the water after each immersion by vigorous shaking or an air blast. 

3. Dump and refill the bucket with clean water for every 15 flame arresters that are 
cleaned. 


4. Do not use any cleaning or neutralizing agents in the water because any dry residue 
may clog the pores of the diffuser materials. 


7.2.4, Battery Room Arrangement 


7.2.4.1. Civil Work 


"No Smoking," No Sparks," or "No Open Flame" signs should be posted on the outside of 
the door. 


Metal battery racks shall be grounded. 


Concrete floors shall be painted with acid-resistive paint (alkaline resistive) for Ni-cad 
batteries. 


Electrical receptacles and light switches should be located outside of battery areas. 
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A 10-pound class C fire extinguisher should be located just inside the battery room door. 
The fire extinguisher should not be a C02 type to prevent thermal shock to the battery. 


Exit from the battery room must be kept clear at all times 


A combination eyewash, face, and body spray unit must be located within 7.5 m of each 
battery room or battery system. 


These units can be permanently mounted and connected to the facility's potable water 
system, or can be of a portable pressurized type. 


Keep the area in front of the washing station clear. 


Gas detectors to equip the battery room as per standards. 


7.2.4.2. Ventilation: 


A determination must be made for each battery area as to whether sufficient ventilation is 
being provided to ensure adequate diffusion of hydrogen gas during maximum gas 
generating conditions. 


In a country or area where HVAC is required, the equipment must be adapted for the 
specific use of battery room 
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7.2.4.3. Example of Non Sealed Battery Room Civil Works Arrangement 
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Figure 101: Non sealed battery room civil works arrangement 


(1) Floors and walls 
- Slope - gutter - retention tank 
- Anti-acid coating (asphalt) 


(2) Ventilation 
- High High aspiration: d = 0.05NI (m3) 
- Mains off if break-down 


(3) Batteries 


- Placed as nobody can touched two denuded pieces with a voltage > 150 v 


(4) Maintenance floor 
- Non-sliding duckboard - Isolated from floor 


(5) Connections 
- Connections as short as possible 
- Command and circuit-breaker will be non deflagration type 


(6) Fire proof materiel 
- Powder fire-extinguisher or CO 2 


(7) Security equipment 
- Security glasses - gloves - shower 


(8) Control equipment 
- Densimeter -filler -thermometer 


(9) Explosion proof security 
- Hydrogen detection 
- Temperature sensor 
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